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CK^’s'I AiJXK.KAi'H V l1a^ rcc'oivftl l)iil lililr allcnlion in 
this rountrv outside the uiiiviTsities and higlier cx)llegcs, 
and at tlie present time, when utilitarian education is 
uf)permost in the mind of ihi- nation, it may seem 
inopportune to add to tlie lew manuals hitherto puh 
lished as an introduction to this suhjt'Ct, which hy 
many is regarded as oiu- of the comj)onents of “ useless 
knowledge.” 'I'he author helieves, however, that 
(Tystallography, with its allied science, mineralogy, has 

many features to recommend it, whether we view its 
study as an education of the mind that delights in 

asc'ertaining the simple laws governing natural phenomena, 
or whether Nve view it as a subject a knowledge of 

whic'h may bring material benefit to those engaged in 
industr)'. Surely to have some accjuaintance with 
crystallography, es[)ecially the physical side of the scienc'e, 
must be valuable to the manufacturing and analytical 
chemist, the geological surveyor, and tlie prosj>ector ; 
while it is evident that it must be an advantage to 
the stone merchant, the gem scatter, and the jew’eller, 
tf) supplement their traditional practical knowledge- l)v 
the precise distinctions among ])recious stones pointed 
out by the crystallographer. 

That tile subject is not a popular one the authc^r 

considers is due to the fact that no attempt has been 
made to make it popular. Thirty or forty years ago 
those who had any acciuaintance with chemistry or 
c'lectricity were comparatively few ; but the.se subjects 
have been made popular, and at the present time 
thousands are studying these sciences when formerly 
there were but tens. 
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Prepack. 


Many have attempted to obtain an insight into 
crystallography, but, though earnest, have failed for 
two reasons : First, they have found the subject 
treated mathematically without any attempt to bring 
the explanations below the high level of the mathematical 
mind. Second, illustrative specimens are expensive, and 
models have not been sup])lied with the text in order 
to clench an argument in reference to crystallographic 
laws. 'I'hcse defects the author has tried to remedy : 
firstly, by the rather slow hut sure process of progressive 
exercises and examples to follow up all explanations 
involving mathematical principles ; and, secondly, b) 
supplying sheets of models, which, when put together, will 
help the student over many difficulties. Further, a small 
cheap set of illustrative specimens is published to act'om- 
pany the book, so that crystalline form, cleavage, optical, 
and other [iroperties of (Tvstals may be practically studied. 

There is in this book no intention to treat mineralogy 
as a whole, but the ab.stract of Profe.ssor Dr. Albin 
Weisbach’s tables (permission to introduce which has 
been given by their distinguished author) will be found 
valuable in classes in mineralogy where the ])ractical 
method of Professor (iroth referred to in the body ot 
the work (an be ad<^pied. and, further, the blowpipt 
course recommiMuled for the examination of mineraK 
the author knows from experience to be a reliable- 
one. 

C. J. WOODWARD. 


\funhipa/ Tt'chnical Schooi^ 
Birmingham^ ^fa^\ rSgO. 
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CRYSTALLOGRAPHY 

FOR 

BEGINNERS. 


PRELIMINARY CHAPTER. 

Insinictions for Preparing the Models, 

As the models, &c., of Plates III. and IV. will be 
continually wanted while studying with this book, it would 
be well to prepare them at once, according to the following 
directions : — 

Saturate each plate with freshly-prepared paste, brushed 
in at the back ; give sufficient time for the paste to be 
thoroughly absorbed. Then lay the plate with its pasted 
side on to apiece of thin cardboard —three sheet Bristol 
board is a convenient thickness — press out all folds with a 
soft rag, working from the centre outwards, and dry between 
paper laid on a flat table, covering the folds of paper on 
the upper side with a weighted drawing board. Lift oft 
the paper occasionally to see that no mishap arises from 
paste which may accidentally have got on the front side of 
the plate. When thoroughly dry and stiff the models are 
ready for cutting out. Lay the sheet on a piece of glass, 
and cut the models out by means of a sharp penknife, or, 
what is better, a shoemaker’s knife, kept sharp by rubbing 
on a stone, or on a piece of fine emery cloth glued on to a 
strip of wood, after the fashion of a razor strop. Another 
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method is to cut out the models with a sharp chisel. The 
sheet is put on a board, the chisel pressed firmly on the 
line of the figure, and a slight blow given with a mallet. 
The chisel makes a clean, sharp cut, and there is the 
advantage that the chisel may be inclined so as to 
cut a bevelled edge, and this bevelled edge, as may easily 
be seen, enables one to make neater joints than a square 
edge would. After a model has been cut out, the lines 
inside the figure are run over with the knife until the card- 
board is cut through to about half its thickness at all lines 
inside the model, and all is then ready for gluing up. 

For connecting the edges of the net which has been cut 
out various plans have been adopted. Mr. Jordan, in his 
set of nets, “Elementary Crystallography,” published by 
Thomas Murby, leaves tags or overlapping pieces. These 
tags are coated with thick gum, which is allowed to dry, 
and then in order to glue up the net the tags are welted, 
and the parts united. Others leave the nets without tags, 
as in this book, and use strong thick glue, which is put on 
the edges with a camel’s hair brush. The model is then 
folded up into form, and held until the glue is dry. 

The following method I have found the quickest and 
best : — Obtain from a stationer a sixpenny tube of so- 
called “ Seccotine ” (Messrs. M'Caw’, Stevenson, & Orr, 
Linenhall Works, Belfast, are makers). Having prepared 
two or three of the nets for gluing, unscrew the cap of the 
tube, run the smallest quantity of seccotine along an edge, 
press together for a minute or two, and put aside. Now 
take up a second model, do an edge of this in like manner, 
and so on with the others you have prepared. By this 
time the joint of the first net w'ill be thoroughly set, and a 
second joint may be made without risk of undoing the 
first, and this process can be repeated until all the models 
you have prepared are complete. 

One of the students in my mineralogy class (Mr. Wastell) 
has made many experiments in joining up the nets, and 
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has produced extremely neat models by cutting out 
completely the different faces of the drawings after they 
have been pasted on cardboard, then bevelling each piece 
thus cut out. The bevelled pieces are gummed on to thin 
tough paper in proper order, with a few tags or flaps left 
on the outside edges. These tags are gummed, and the 
net is folded up and bound round with cotton to secure 
the edges until the gum is dry. 'Fhe models may l)e 
{)ainted with AspinalFs enamel, or simply sized and 
varnished. 

Although the results obtained by the above method are 
exceedingly pleasing, 1 have not recommended it, as only 
an enthusiast would give the necessary time and trouble. 
Moreover, this method would involve the re-lettering of the 
faces of the models by hand if they are to be used in the 
way described in the book. 

The goniometer, Plate III., figures C and J/, may with 
advantage be pasted on stiffer cardboard than the nets. 

Before fitting this up look at figure IV., page 7 , in order 
to obtain a general idea of the instrument when complete. 

After cutting out the semi-circles C and M take a small 
cork, about the diameter of the incomplete circle at J/, in 
centre of the graduated semi-circle, and cut away about 
two-thirds of the cork by a longitudinal cut; see figure a. 

^ Now, by means of glue or seccotine, fasten the 

S. / \ face t of this cork on to the back of the 
graduated semi circle, so as to occupy alx)ut 
I the position of the incomplete circle J/, taking 
fl care to keep the edge c parallel to the straight 

\ 1 edge of the semi-circle, but well within it. Run 

\ y a pin through the centre of the semi circle C 
Fig. a. from the front, and now, pressing the semi-circle 
C well up to the head of the pin, run the jxiint through the 
centre of the graduated semi-circle M into the cork, and 
press the pin home, when you have the goniometer complete^ 
unless iierhaps the point <)( the pin should protrude 



4 Instructions for Preparing the Models. 

through the cork, in which case it will be necessary to cut 
the point off, or file it down. This trouble can of course 
lie prevented by choosing a pin of suitable length to begin 
with. 

The drawing of axes Plate IV., figure 9, should be cut 
out along the lines forming the square border. Run a pin 
through the intersection M, and through the points A\ 
By B\ Cy Cy also through the dots marked at \ay 
and through similar dots on the other axes. After the 
holes have thus been made, the burr on the back of the 
cardboard should lie scraped off with a knife, or cleaned 
off with a piece of flattened pumicestone. 



LESSON I. 

General Notions. Constancy of Angles. 

Bekore attempting to define a crystal or crystalline 
substance the student should see a few crystals, and become 
acquainted with their general properties. 

Purchase from a chemist or drysalter a few ounces of 
each of the following salts : — (a) blue vitriol, (^) washing 
soda, (r) Rochelle salt, {d) Chili saltpetre (nitrate of soda), 
{e) sulphate of nickel, (/) alum. 

It is well to ask the shopkeeper to let you look over his 
stock, as you may be able to pick out from a large quantity 
of the salt some well-formed crystals. 'I'hese should be 
saved, but with the general mass of each salt you may 
proceed to obtain crystals by the following method. 

Experiment- — Put into a pipkin, or an earthenware 
basin, about half a pint of water, and add two to three 
ounces of the blue vitriol, and heat to near boiling. When 
a pipkin is used this may be done directly over the fire, but 
with a basin it is well to place the basin in a saucepan of 
water, after the fashion of a water bath. When dissolved, 
pour the blue solution into a shallow vessel, such as a 
saucer, soup plate, or photographic dish, according to the 
quantity made, and let the solution cool as slowly as 
possible. Perhaps the most convenient way to do this is 
to put the vessel in the oven, or on the hob, at night, and 
remove it before the fire is lighted the next morning. When 
thoroughly cold, or probably before, you will find crystals 
of blue vitriol formed at the bottom of the saucer. Pour 
off the mother liquor from the crystals into a saucer, and 
set this aside in a cool place, when, after a time, a fun her 
crop of crystals will be obtained. Now pick out from the 
mass of crystals one or two of the best you can find, and 
reserve them for study. 
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Repeat with the other salts the experiments described 
as above, when you will obtain, in some cases, at any rate 
(blue vitriol, Rochelle salt, and alum probably giving best 
results), several specimens of crystals. 

The crystals of minerals found in nature have been 
formed in various ways, some by cooling from a molten 
mass, as., with crystals found in solidified lava, some by 
separation from solution, as with calcite and^ quartz, others 
by slow reduction of metallic solutions ; in all cases it being 
requisite that the ultimate particles or molecules of the 
crystal have, as it were, been in a slate of freedom. On 
losing this freedom the molecules unite together, not 
haphazard, but according to certain laws, which impress 
upon the solid produced the characteristics it is the 
function of the crystallographer to discover. 

These natural crystals are, generally speaking, finer and 
more suitable for study than those prepared in the way 
described ; and that the student may have no difficulty in 
obtaining typical specimens, I have arranged for the 
publication of a cheap set to accompany these lessons, 
particulars of which will be found at the end of the book. 
With the specimens he has obtained himself, or with those 
in the set just referred to, the student should proceed to 
verify the following points. 

(i.) Constancy of Angles — Look carefully at a few 
crystals of one of the salts, blue vitriol for example ; you 
will note that each crystal consists of a number of planes, 
or facts, more or less bright, meeting each other so as to 
produce geometrical forms (the line in which two of the 
faces meet is called an edge), and though at first sight the 
various crystals of blue vitriol look different, you will 
soon see that though the faces may vary very much 
in size, yet if you put two of the crystals side by side, 
you can even by inspection see that the angles made 
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■ by corresponding planes in the 
two crystals are the same. Com- 
pare now two crystals of alum, 
or of Rochelle salt, and the same 
peculiarity will be observed. 
Probably among the crystals you 
have obtained the alum crystals 
will best illustrate the important law 
Fig. i. of constancy of angles. The better to 

illustrate this point, which is one of fundamental importance, 

together the three 
nets 

Plate to 

the already 

have models 


f^‘8- *• three solids represented 

in figures i, 2, 3, forms you will not unlikely find among 
the crop of alum crystals. The form, figure i, is called 

■ the regular octahedron. 

In order to measure angles, 
a goniometer is required. 
A cardboard goniometer, 
sufficient for present pur- 
poses, may be made ex- 
peditiously by following the 
directions already given. To 
use the instrument when 
*"*«■ 3 * made, place the m^el of the 



Fig. 4. 


crystal between the jaws of the 
goniometer, as shown in figure 4, 
when the angle is indicated by 
position of the arrow. Thus in 
figure the angle indicated is 70* 
about ; this means that the angle 
between normals is approximately 

70 *. 
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Normal Angrles and Interfacial Angles.— When 
two planes are inclined to each other, the inclination may 
be measured in two ways. Thus, if O A, O B, figure 5, 
A a 0 B' are traces of two 

71 77 f planes at right 

I / / angles to the paper, 

^ angle between 

\ / o / the planes may be 

measured by con- 
® ^ sidering that there 

is no angle, or 

that the angle is 0° between the lines when O B coincides 
with O A, but as O B revolves in the opposite direction to 
the hands of a clock, or counter clockwise^ about the point 
O, the angle increases, and the extent of the movement 
measures the angle. An angle between two planes 
measured in this way is termed an interfacial angle. Or, 
we may proceed in another way. Suppose we consider 
that there is no angle, or that the angle is o% when O B 
coincides in direction with O A, but does not fall upon it 
as indicated by the dotted line O B', and that as O B' is 
revolved about the point O in a clockwise direction, the 
angle increases. This mode of measuring is adopted 
usually in crystallography, and the angles thus obtained are 
called normal angles, or angles between normals, since they 
coincide with the angles between perpendiculars (normals). 
In figure 5, for example, the interfacial angle A O B 
is 6o“, while the normal angle B' O B is 1 20“. Now’, 
a o, do are perpendiculars or normals to the lines 
A O, O B representing the faces, and the angle aod, 
the angle between these normals, is equal to the 
angle B' O B, as is obvious from the consideration that 


B'OB is i8o"~AOB. Also since in the figure O a ^ 
the interior angles make up 360*, and the angles Oao and 
O do Sire tc^ether= 180“, it follows that the angle is 
also i8o* - A O B. 
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When the student comes to the lesson on Spherical 
Projection he will see how useful is this method of measuring 
angles. In some books measurements are given in inter- 
facial angles, but the much more convenient meihod of 
normal angles is rapidly becoming general. 

In using the cardboard goniometer, see that the plane of 
the instrument is at right angles to the edge formed by the 
two planes, the angle between which is being measured, 
and further see that the jaws of the instrument are pressed 
well on to the planes. With such a rough instrument it is 
not likely that measurements of much service can Ixi 
obtained — all that is intended is that by its means the 
student shall understand the meaning of “constancy of 
angles ” It will be well in using the instrument to measure 
first the normal angle between two faces of a model, and 
then the interfacial angle of the same two faces. These 
together should, of course, make up 180". Further, if 
the instrument is properly made, the sum of the normal 
angles, measured from face to face, in going round a zofie* 
of a good model, should make up 36o^ 

To verify the law' of constancy of angles in the models 
D, E, F, take first the model D, and you will find 
approximately that you will obtain the following measure- 
ments : 

Between o., about 70°. 

„ „ 109”, 

Further, you will find that the angles o.^ d^y 

&c., = aj = 70" about, while o^o^y o^d^y o,^o^y &c.,= 

Oz = 109“ about. Now try the models E and F, and you 
will obtain, in spite of the marked difference in appearance 
of the models, precisely the same angles Ijetween corres- 
ponding faces. Thus, l>etween 0^ of models E and F 
the angle is 'jo‘ al>out. It may be stated here that 
measurements of crystals to which the models correspond 


* For expl.in.*ttion of thin term »ee next page. 



to 


General Notions. 


give I <72 = 7 ®* 3 ^ f and <7^ <73 = 109* 27'. Each of these 
models so different in appearance would be called by 
crystallographers a regular octahedron. 

Zones. — To understand the meaning of the very 
important term zottg, the student should have at hand the 
mineral specimens supplied with the book, and also the 
cardboard models made from the nets of Plates III. and 
IV. 

Take first the crystal of gypsum, and also the model 
of it (Plate III. L). Note an edge such as that formed by 
the faces Place this edge horizontal, and turn the 

crystal or the model round this edge as a horizontal axis, 
when it will be noticed that several edges come successively 
into the horizontal position, show’ing that these edges are 
parallel to each other. Now three or more faces which 
give parallel edges constitute a zone. Thus, with gypsum, 
the six faces Wg, constitute a zone. With 

model, Plate III. D (octahedron), the faces <>1, 0^ 

constitute a zone, while the faces <7^, are not in 

one and the same zone. Two or more faces are said to be 
tautozonal or heterozona/y with a third, according as they 
lie in the same or different zones. Thus, <7^, <7^, 5 ^ are 
tautozonal planes ; are heterozonal planes. 

Poles. — The faces of crystals are often referred to as 
poles. Thus we may speak of the angle betw een the faces 
<7i, <7g of the model D, or we may speak of the angle between 
the poles of the same model. When poles are 

spoken of we more clearly appreciate that the angle 
between normals is meant. This matter will be referred to 
again when on the subject of Spherical Projection. 
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EXERCISES. 

II. Determine with the cardboard goniometer the angles (normal) 
between the following pairs of faces. Give also the interfacial angles. 


In model B, Plate III. In mo<lcl 5, Plate IV. On crystal of gypsum. 

Between e, Between tn.. Between b 

,, e,. ,, ///, ,, Wj w, 

,» ///j ,, w.j b 

,, W/.jj Wj 

12. In model 6, Plate IV., give the names (W|, w/„, &c.)of the 
poles or faces forming the difl'erent zones on the motlel. 

13. How many edges are there in model D, Plate III. ? How' many 
in morlel E of Plate III. ? and how many in model ?' of Plate III. ? 

14. You will have noted from the last exercise the numl)er of edges 
in the same crystalline form may l>e different in some instances. What 
should you judge to be the maximum and what the minimum number 
of edges in the octahedron and in the cuIjc ? 

15. In model, Plate III. A (four-faced cul)e), name the faces which 
constitute one or two of the zones on the model. Name a face with 
which and are tautozonal. Name also a face with which these 
faces are heterozonal. 



KKSSON II. 

Symmetry.- The Six Systems. 

Plftn6S of SymrnOtPy. — In common language a body 
issaidto l)e symmetrical when, 
if we draw an imaginary 
plane througli the body, we, 
find the two j)arts similar and 
similarly placed in reference 
to the plane. 'Fhus, if we 
imagine a vertical plane 
passing through the nose and 
back-bone of an upright 
man, we have similar parts 
on opposite sides ; so a 
man may be said to have one 
plane of symmetry, for no 
other plane will divide a man 
into two similar parts. 
Similarly the Greek jug of 
figure 6 has one plane of 
symmetry, viz., that through 
and in the plane of the 
handle ; while the three- 
handled cup of figure 7 has 
three planes of symmetry at 
an angle of 120“ to each 
other. We may then recog- 
nise a plane of symmetry 
in a figure by cutting 
the figure in two through 
a supposed plane of sym- 
metry ; then, laying one of 
the severed halves upon a 
mirror, see if the figure is now 
apparently complete when the 
» i»;. 7- reflected portion is viewed in 

conjunct i»)n with the applied portion. 




SVMMKTRV. 


*3 


Distinotion between Geometrioal Symmetry and 
Crystallographic Symmetry.— When we consider 
crystalline forms, we have, however, not merely to look at the 
general or geometrical appearance of the figure, and the 
particular angles on opposite sides of the plane of symmetry, 
%but we must learn to recognise faces themselves, and see 
whether the faces which appear on one side of the plane of 
symmetry appear also on the other 
side. Take the crystal of gypsum 
from the box, and also the model ) ou 
have made from the net, Plate II. L, 
and look down on the face if (see also 
figure 8). Notice that this face b is 
distinctly brighter than the faces /g, 
7^, /g, and when held in a good light 
has not quite the same appearance as 
the faces w,, Now turn 

the crystal so as to look down upon 
the edges forming the junction of the 
planes w,, and /j, and you 
will see at once that if the crystal were 
8- cut through by a plane pa.ssing through 

these edges, this plane will be a plane of symmetry, for the 
bright plane b appears on the opposite side as b, the rough 
faces Z^, Zg appear on the opposite side of the plane as 
the planes Z^, 1.,, and similarly the faces appear on 

the opposite side of the plane as w,, in^. In fact, as you 
may easily perceive, if the crystal were cut with a knife 
through a plane, passing through the two edges referred to 
above, we should have two halves, either of which being 
placed on a looking glass would give the appearance of 
the complete crystal. If you care to sacrifice your crystal, 
you can easily separate it, and make the experiment. 

Now take up a crystal of blue vitriol (copper sulphate), 
and also the model H, Plate III., you have made, 
and look them carefully over. The faces of the blue 
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vitriol are generally very much alike, but you may possibly 
recognise some differences. One of the faces is perhaps 
striated; if so, you will find the face parallel to it also 
striated, but you will look in vain for. a plane of symmetry, 
that is, any plane through which the crystal might be 
divided into two symmetrical halves, as with gypsum.* 
Copper sulphate then has no plane of symmetry, while 
gypsum has one. 

Next take from the box the crystal of barytes, and the 
two models made from the nets of Plate IV., figures 7 
and 8. Try with the help of the models to find the planes. 
If the crystal supplied in the box corresponds to figure 8 
of Plate IV., you will recognise the two bright triangular 
planes giving the chisel-like appearance to the crystal, as 
the planes of the model, while the dull prism 

planes are those indicated in the model by the letters u^. 
Or if the crystal supplied in the box should correspond 
somewhat to figure 7 of Plate IV., you will notice that the 
two opposite faces which show a pearly or iridescent 
appearance correspond to those marked c and c in the 
model, while the bevel faces which give the chisel-ended 
appearance to the crystal are the faces w and /, the 
remaining faces on the model, &c., being the 

remaining well-marked faces. 

In comparing the crystals with the models, remember 
that it is seldom we have the regularity in the development 
of the faces that we represent in the models, but the 
crystals supplied in the boxes have been selected as far as 
possible so that the models shall fairly represent them. 

Having made these observations, with barytes it will 
easily be seen, more especially with the model 7 of Plate 
IV., that there are three planes of symmetry in barytes 
crystals, viz. ; — One plane A (figure 9) at right angles to 
the plane r, and parallel to the edge made by the planes 
c ; one plane B at right angles to the plane c and the 
imaginary plane A, and parallel also to the edge formed by 
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c and u\ ; one plane C parallel to o and passing through 
the edge formed by These three planes being ai 

right angles to each other. 



Next take up the cleaved specimen of calcite from the 
box, and also the model made from the net K of Plate 111 . 
Note that in this model there are three planes of symmetry, 
but not at right angles to each other as with barytes. The 
three planes being at 120“ from each other, viz. One 
pl^ne at right angles to the face and passing through 
the edge formed by ; one plane at right angles to 

the face and passing through the edge formed by ; 

one plane at right angles to the face ^3, and passing 
through the edges formed by 

Now examine the nickel sulphate crystal, and the model 
made from the net N of Plate 111 ., and you will find five 
planes of symmetry, viz. : — Four all at right angles to the 

plane c, but at 45" to 
each other, two of 
the planes passing 
from corner to corner 
of the square plane 
and the other two 
being parallel to the 
edges of the plane c 
(see figure 10); and 
one plane parallel to 
the plane c. 
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Lastly take up the cube of fluor ^par, and the model of 

the cube made from 
the net G of Plate 
III., and see that 
there are nine 
planes of symmetry, 
viz.: — Three parallel 
respectively to the 
planes rtr, r, the 
traces of which are 
represented in figure 
1 1 by the dotted 
lines /I3, b., 

^ 3 » ^1 ^2 ‘y 

right angles to the face a, and at right angles to each other, 
passing from corner to corner of the face, traces indicated 
^2^3* ^2^3 figure II ; two at right angles to the 
face b, and at right angles to each other, passing from 
corner to corner of the face, traces indicated by 
Cl of figure II ; two at right angles to the face c, and 
at right angles to each other, passing from corner to corner 
of the face, traces indicated by </i e,^ of figure ii. 

Now all of what are known as hoiohedral crystals 
which have been examined can be classed into one or other 
of six systems given in the table on page 17, and of which 
the six specimens referred to in this lesson are types. 

Examine the cube of fluor spar in the box of specimens ; 
the faces are identical in appearance, but it is quite possible 
to have a cubic crystal of a mineral, apophyllite for 
example, in whicli two of the opposite faces are pearly, 
while the remaining four faces are bright. 

Again, with a cubic mineral, cuprite for example, while we 
may often meet with cubes, yet the form is often a parallelo- 
piped, or square prism ; and in some cases, as in the variety 
of cuprite, called chalcotrichite, the prisms are so long in 
relation to their area as to be called acicular; still in all 
cases there are nine planes of symmetry^ however varied 
the dimensions of rectangular figure may be. 


^4 

hy 

a ^ 

r— 

rr ^ 

'K 



, r ^ 

C ■ 



' 0, 

j ■ 

d „ 

- 

A 


Fig. II. 
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Six Systems of Crystals. 

SYSTEM. I symmetry. ! EXAMPLES. 

I. No plane of Blue vitriol, or 

Anorthic. symmetry. Copper sulphate 

Axinite 

II. One plane of Gypsum 

Mono-symmetric. symmetry. Washing soda 

III. Three planes of Barytes 

Ortho-rhombic. symmetry at Rochelle salt 

right angles to 
each other. 

IV. Three planes of Calcite 

Hexagonal. symmetry at Nitrate of soda 

1 20" from each Apatite 

other, or seven Beryl 

planes of sym- 
metry, six at ' 

30“, and one 
at right angles | 
to all the 
others. 

V. Five planes of Nickel sulphate 

Tetragonal. symmetry, four Idocrase 

I at 45“ to each 

i other in suc- 

I cession, one at 

j right angles to j 

' all these. I 


VI. 

Cubic. 


Nine planes of Iron pyrites 
symmetry. Fluor spar 

Alum 
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VariQus names have been given to the six systems by 
different authors. The above are those adopted by 
Maskelyne, Morphology of Crystals^ 1895, P- 4 - 
be useful here to give some of the equivalent names as 
adopted by writers on crystallography. In the following 
table names in the same column are equivalents : — 

I. II. III. 

Anorthic Mono-symmetric Ortho-rhombic 

Doubly oblique Oblique Prismatic 

Triclinic Monoclinic Trimetric 

Asymmetric Clino-rhombic Rhombic 

One and one Hemiorthotype Orthotype 

raembered Two and one One and one 
membered axial 

EinglUdrig Zweiu tide incite drig Zweigliedrig 

IV. V. VI. 

Hexagonal Tetragonal Cubic 

Rhombohedral Quadratic Regular 

Three and one Pyramidal Isometric 

axial Two and one Tesscral 

Sechsglitdrig axial Octahedral 

Viergliedrig 

In numbering the systems I have followed Miller, 
commencing with the system of no symmetry. Many 
authors reverse this order, commencing with the system 
of highest symmetry. 
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EXERCISES. 

21. llow ninny planes of syinmciiy are ihere in eacli cf the 
following plane figures, the lines iMtuinling ihe figures Infing regarded 
as identical ? 

(i. ) A stjuare. (ii. ) An ecjuilnternl triangle. 

(iii. ) A rhoniljU" (tig. a). tiv.) riioinboid (fig. 


Kig. rt. Fig. 

(v. ) An isosceles triangle. (vi. ) A circle. 

22 llow many planes of symmetry are there in each of the 
following soliil figures, supposing all the faces to be iilcntical in 
character ? 


ii ) .*\ parallelopiped or brick shaped 
rigurelfig. i). 

f^' 

1 

1 


*1 

I 


I’ig. 0 



(iii.) A cube. fiv.) A sphere. (v.) An octahedron. 

23. If the parallclopipetl of (pieslion 2 has the einls painted red, 
while the remaining Amr si<les are green, how many planes of 
symmetry are there ? If, while the ends are red, two of the jrarallcl 
sides are green, and the remaining two white, then how many planes 
of symmetry are there ? 

AV/r. — The mwlcl of the cube, Tlate III. (I, and that of the prism of 
the ortho rhombic system, 1‘late IV. 12, illustrate this point. In the 
cube there are nine planes of symmetry ; in the prism, since each pair 
of faces is different in character, there are but three planes of 
symmetry. 

24. I>x)k over all the cardlx>ard mrMlcls you have made, and see 
how many planes of symmetry you can fiml in each. 






LESSON III. 


Crystallographic Notation, The Millerian System, 
IVeiss's System. Rationality of Indices. 

From the experience the student has now had he will 
readily see that a crystal is a natural solid, contained by 
planes making various angles with each other, but these 
angles are constant in the same cr>’stalline form, no matter 
to what extent the size of the planes may vary. 

We will now learn by what other laws the inclination ot 
the planes of a crystal are governed, but in order to under- 
stand these laws, we must first know in what manner thp 
position of a plane can be expressed. 

Dr^ (see f^ure perspective view of three lines, 

X O Xy y O Yy Z O Zy intersecting at <9, and making 

any angles with 
each other, and 
mark off on either 
side of O the 
equal lengths a 
and d on X O X, 
the equal lengths 
dandhon YOYy 
and the equal 
lengths c and ? 
on Z O Z. The 
lengths hy c are 

Kig. 12 . 

while the direction lines A' O A', Y O Yy Z O Z are called 
axes. The intersection at O is called the origin. Suppose 
a plane to lie in such a position that while one point in the 
plane is at the extremity of a, another point in the plane is at 
the extremity of b, while a third point is at the extremity of r, 
such a plane is called the parametral plane, or the i i i 
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plane, and it is obvious that the lie of such a plane is 
known when we have the directions of the axes A^ V, Z 
given, and also the relative lengths indicated by a, c. 
Three lines in such a plane arc represented in figure 12 by 
thick lines. 

Hence, when the 1 i 1 plane is spoken of, the student 
can easily picture to himself the lie of the plane, supposing, 
as has already been said, the inclinations uf the axes and 
the relative lengths of the parameteis are given. 

Suppose a plane to lie in such a position that it cuts the 
parameter a at one-half its length, the parameter b at one- 
third of its length, and tite parameter c at one-fourth of its 
length. Then the lie of this plane would be known, and 
we could speak of it as the 

4 of rt, of i of r plane. 

This notation, however, is cumbersome, and it is spoken of 
as the 

234 plane, 

which conveys the idea of a plane cutting the parameters 
in the way indicated ; similarly the symbol 235 would 
indicate a plane which cuts off one- half of <7, one third of 

and one-fifth of c. 

It will be easier at first, perhaps, to represent the axes as 
they are in many systems of crystals, viz., at right angles to 
each other, and to take the parameters a, b^ c all equal. 

In Plate I., figure 2, is a representation of the 

plane i 2 3, which, as will l)e noticed, cuts the parameter a 
at its extremity, the parameter b at one half its length, and 
the parameter c at one-third of its length. 

It should be pointed out here that all parallel planes in 
the same octant, such, for example, as the iK)sitive octant 
(that bounded by the planes Z O X, Z O Y, VOX) have 
the same indices. Thus a plane 222 means a plane 
passing through the points \a. \b, Jr, and this is obviously 
parallel to the plane i i 1. Similarly the plane 20 30 50 s 
sV®» parallel to the plane 235, and is 
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considered identical with it. In fact, any three numbers 
which have the same ratios express the same plane, and it 
is usual always to bring these ratios to the simplest form. 

Example. 'I'he plane 12 24 36 is the same as the planes 
6 12 18, 24 48 72, 3 4 6, or I 23. I’hus, having given 
three indices, we may multiply or divide them all by any 
number we please, and the same plane is still expressed by 
the new ratios obtained 

Suppose a plane to pass through the extremity of r, but 
to cut off a very small but equal fraction of a and 
one-thousandth of each for example, then the indices 
of the plane would be 1000 1000 i, or, dividing 

each index by 1000, the plane is expressed as i 1^75^^* 
Now, the smaller the fraction‘of a and ^ taken, the steeper 
and steeper the plane becomes, and the smaller and smaller 
is the last index, until, when the plane is parallel to e, the 
last index is or o, so the plane is written i i o. By the 
same reasoning, it will be seen that a plane parallel to the 
axis A" will have its first index o, and a plane parallel to 
the axis K will have its second index o. If the plane is 
parallel to two axes, to F and Z for example, then its 
indices are i o o. 

In figure 2, Plate I., the plane t w represents the 100 
plane. 

Negf alive Indices. — So far we have learned only to 
represent planes in what is called the positive octant. But 
let us take planes in_one ^f the otl^er octants. Say a 
plane which cuts ( 9 A’, OY^ and OZ.. The parameters 
measured from the origin O in the direction OA", O K, O/. 
are considered positive, while in the direction OX^ O K, OZ 
they are considered negative, hence the plane which cuts 
the extremities of these negative parameters will be 

5^ of J, ^ of \ of ?, 

and this statement is expressed as T Y T, the negative signs 



Crystallographic Notation. 23 

over the indices implying that the parameters have been 
taken in the negative direction. 

The plane represented by thin lines in figure la is 
of I of { of ?, and its indices are 7 7 7 . 

On considering this subject, in connection with the 


exercises at end of the lesson, the student will note that 
when we have established the indices for one plane, the 

plane parallel to it has the 

same indices, but reversed in 

sign, thus — 

Plane parallel, but on opposite 

Plane. 

side of origin. 

I 1 I 

7 7 7 

I 2 3 

723 

I 2 3 

723 

100 

7 0 0 

h k 1 

hk / 

hkl 

hkl 

hk 0 

hk 0 


The symbols kk / used in this last illustration are general 
symbols, just as in algebra, and may express any three 
different rational numbers. We shall find that using these 
symbols often saves time and space in expressing certain 
laws. 

Hatty's Law of Rationality of Indices.— Itmight well 
be supposed that the angles between the planes of crystals 
could have any indices, that is, that the planes could have any 
inclination, but a very remarkable law was discovered by Haiiy 
in reference to this point. In the first place, the indices 
of planes are generally simple, such as i 2 3, i 2 o, 1 1 5 3, 
&C. ; but this is not all. Haiiy established a law that the 
indices of a plane must be expressed by rational numbers. 
Thus, while such indices as i 2 3, 5 7 9 are usual, there is 
no reason why a plane should not be 21 57 100 for example, 
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but a plane cannot have the indices i J2 o, 4 6, 
that is, no index must be a surd, as the mathematician 
calls it. 

Notation of Weiss. — Though Miller’s system of 
notation of planes just explained is admittedly the best, 
and is rapidly superseding all other systems, it may be well 
to refer to the method of Weiss, and later on to the system 
of Naumann, as these notations, more especially that of 
Naumann, are met with even now in many works. 

In the Millerian system, as we have learned, fractions of 
the parameters are taken, and the denominators of these 
fractions form the indices. In Weiss’s system multiples of 
the parameters are used as indices, and one of these indices 
is taken as unity. Thus, if the parameter b is unity, we 
have the symbol %a b 3^ for a plane which cuts the Y axis 
at the extremity of the parameter b^ the X axis at twice the 
length of the parameter and the Z axis at three times 
the parameter c. To bring this into the Millerian notation, 
we must divide each index by such a number that we can 
have fractions oi a b c each with a numerator = i. Thus, 
with the plane just mentioned, 

2aby=\a = ib Jc. 

Hence the plane in Miller’s notation would be 3 h 2. 

Again, suppose we have the Millerian symbol, 123, and 
we wish to convert it into the system of Weiss, with, say, b 
as unity, then we note 

I a ib Jf. 

Multiply by the least common multiple, 6, and we have 
= 6a 3^ 

Now divide by 3, and we have 

241 b §r, the required symbol. 
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In figure 13 is represented this particular plane in each 

system, and it will 
be observed that 
the planes are 
parallel, and .so, 
crystallographic 
ally, they arc 
identical. 

Fi«. 13- 

Take the symbol i 2 o of Miller, we have it in full as 
{a — ooc= 2 a b oc^c; 

so Weiss’s symbol is 2^ b ©or. and it is evident that the 
plane i o o of Miller will become a 00 b 00 c. 

Before Nauniann’s system can be understood the mean- 
ing of the term form is required. This will be treated in 
the next lesson. 

When with Millerian symbols the middle index is o, it is 
impossible to make the middle index unity in Weiss’s 
system. In such a ca.se one of the other indices may, if 
thought well, be made unity. Thus, 305 in Miller means 
Multiply by 15, and we have 5« 3^» but ^^^b 
= 00 b. Hence the plane in Weiss’s notation must be 
written 5^ 00^ or, with a as unity, a 00 
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EXERCISES. 

31. Ascertain whether among the following planes any arc rei>eated. 
In other words, are the ratios of the indices in the several planes all 
different ? If not, point out two or more that have the same ratio. 

fflll ^104 >6208 

^234 /366 /37 10 

5 5 6 ^ 6 9 12 w 16 25 30 

rt'468 >4108 « 6 14 20 

32. The following planes, containing in many cases fractional 
indices, may be simplified so as to express the planes in the usual 
indices of whole numl>ers. Kcduce all the symbols to the usual form, 

a I I r 1 1 h ''132 

^iiO */2^4 /O 5O 

33. Write out in full the meaning of each of the following symlnds 
as applied to planes, also make a free-hand sketch of axes and 
parameters, and rejiresent each jdane in your drawing, after the 
fashion of figure ii. 

a 1 I 1 rill pIOO 

^112 //OOl /lOO 

c I 1 2 >(’00 1 fOlO 

tfllO /125 rOiO 

^112 w 3 2 1 s 0 0 I 

/ 2 1 0 « 2 2 1 /OOl 

34. Find the indices for the planes ret/, f .? //, / >6 //, 

/ rttf represented in the following figure. 

Noth. — The point is intended to be at two-thirds of the parameter 
a measured from the origin, / is at one-half of the parameter d, h is at 
theextremityof iheparamelerd,^ isal the extremity of the parameters, g 
isat one-half of the parameter F, while ^isat one-third of the parameter r. 


h 


♦ 

r 

t 

j 
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3v AVhich of the following planes, according to Haiiy’s law, are 
possible, and which impossible planes ? 

rf 16 17 30 ^ 3 4 20 k 4 3 2 

1 1 / / v^iOO v 4 

c I 2 Vl ^ V2S 2 2 m 5 3 7 

1 v^4 // v'S \'6 0 M Vl't 0 0 

36. Convert the following Millerian symlmls into those of Weiss, 
with 3 as unity where that is possible. 

a234 r 0 I 1 /•257 

^221 f 1 2 S /166 

rill >-321 m 0 0 I 

d 1 0 0 // 135 mOIO 

37. Convert the following symbols of Weiss into Millerian indices. 

a 2a I* c d l> ^ g a b c 

b a b 2 ( f 00 a booc h 2 a b 2 C 

c a b f 00 a 00 b c k ^a b "]( 



LESSON IV, 

On Drawing Crystal Forms, 

As a valuable exercise in understanding crystallographic 
notation, and also as extremely interesting work, it is well 
that the student should learn how to draw the intersections 
of planes in perspective when the symbols of the planes 
are given. 

Crystal forms may be drawn in ordinary perspective, in 
isometric perspective, or in plan and elevation. 

Consider the appearance presented to the eye by a cube 
under different circumstances. In drawing an object we 
may conveniently consider that we are tracing the form of 
the object as it would appear projected on a piece of flat 
glass held vertically between the object and the eye. 

When the eye is situated so that three sides of the cube 
can be seen, then if the eye is near the cube, the appear- 
ance presented is that of A, figure i, Plate I., in which the 
verticals g, g' are parallel, but all other parallel lines of 
the cube are converging. This is a drawing of the cube in 
ordinary perspective. 

If the cube while in a similar position is gradually 
reduced in size, the lines and gradually 

converge less and less as the cube gets smaller, until, when 
the cube is very small (theoretically infinitely small), there 
is no convergence, and all parallel lines in the cube itself 
appear parallel in the drawing. This appearance is 
represented at B, figure i. Plate I,, and is a drawing of the 
cube in isometric or parallel perspective. 

When the eye is placed immediately opposite one of the 
vertical faces of the cube, we have an elevation as at of 

figure I. Plate I., and when the eye is opposite a 
horizontal face we have a plan as at C 2 of the same figure. 
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It is usual in works on crystallography and mineralogy 
to represent crystal forms either in plan and elevation, or 
in isometric'perspective. It will be well perhaps to describe 
first the method of drawing in isometric perspective. 

To Draw Three Parameters of equal lengrth 
at rigrht angrles to each other in Isometric 
Perspective. — The following construction, as given by 
the late Professor J, S. Dana, is a convenient one. 

Draw two lines, C C', H H', at right angles to each 
other, and intersecting at M (figure 9, Plate IV^). Make 
M H = M H'. Divide H H' into three equal parts, and 
through the points H H', N N' thus determined, draw 
perpendiculars to H H'. On the left-hand vertical set oft 
below H' a part H'Q equal to i H'M, and from Q draw 
Q B B'. The part B B' is the projection of the horizontal 
parameter If, 

Draw B S parallel to M H' and connect S M. From the 
point T in which S M intersects B N draw T A parallel to 
M H. A line (A A') drawn from A through M, and 
extended to the left vertical, is the projection of the 
parameter a. 

Lay off on the right vertical a part H R = J M H, and 
make M C = M C' = M R. Then C C' is the projection 
of the parameter c. 

When the three parameters are equal it is not usual to 
indicate them by different letters, but we shall find it a 
convenience in description to regard the parameters a, 
whether equal or not, as situated in the positions obtained 
in the above construction. 

The student may with advantage make the above 
projection of parameters on a piece of cardboard, and 
divide each parameter into two equal parts, and also into 
three equal parts, as shown in Plate IV., figure 9. Or he 
may paste the drawing of Plate IV., figure 9, on to a piece 
of cardboard, then prick holes at the extremities of the 
axes, and at the different divisions. This pattern card can 
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then easily be duplicated by laying the card on paper, 
putting a pencil point through each of the holes, and 
subsequently connecting the points thus obtained. 

Still another convenient way to save the trouble of 
drawing the axes a second time is to place a piece of tracing 
paper over the mounted drawing of the axes, and make the 
required drawing on the tracing paper. 

Suppose we wish to represent the plane 123. Obtain 
a projection of the parameters a b c. Draw a line through 
the points Jth of a or a of figure 2, Plate L, and of ^ 
or y of same figure. This is a line in the plane. Through 
the point Jrd of c draw a line parallel to the first line. 
We have now two parallel lines, a s and q r, both in the 
required plane i 2 3, and these will indicate the lie of the 
plane. The drawing has, however, more meaning \i p q and 
f s are drawn parallel to the dotted line y z. The drawing 
now represents four lines in the plane i 2 3. These lines 
may form the boundary of the plane, but we may imagine 
the plane as extending as far as we please beyond the 
boundary. 

In the same figure. Plate I., figure 2, are represented the 
planes 121 and 100 drawn by the method above 
described. 

It should be kept in mind by the student that in crystal 
forms, such for example as the octahedron, an edge of the 
form is produced by the intersections of two planes which 
meet together. Hence in drawing a crystal form, of which 
the indices of the planes are given, what we have to do is 
to draw in perspective the various edges formed by the 
intersections of the different planes. 

In figure 3 of Plate I. is represented at ^ r the inter- 
section of two of the planes (the i i i plane and the 7 i i 
plane) of the octahedron. The plane 7 i i is shaded, 
while the plane 1 i 1 is unshaded. In many cases the line 
of intersection of the two planes is obvious on looking at 
the indices. Thus, with the two planes i i i and 7 i 1 of 
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figure 3, Plate I., noting that the last two indices are alike 
in the two planes, a line drawn from Jth of b to the l^th of 
c must lie in both planes, since these points are common. 
Such a line then represents the intersection of the two 
planes. 

Before giving an example as an application of the 
previous remarks it may be well to state the meaning of the 
following terms 

An axial plane is a plane containing two of the axes of 
the crystal. The plane X Z would be a plane containing 
the axes X and Z. 

Positive octant. When the axes are drawn, then if 
planes pass through these axes, taken two and two together, 
the space about the origin is divided into eight portions, or 
compartments. In the usual drawings the top right-hand 
compartment is the positive octant. The other octants are 
sufficiently described as the right lower, left upper, left 
lower, back right upper, back right lower, &c. 

Or they may be numbered in the way suggested by 
Professor Maskelyne, Crystallography^ p. i6. This mode 
of numbering is indicated in hgure 4, Plate I., where the 
axial planes are looked upon as dividing a cylinder into 
eight compartments. Looking down upon the cylinder 
the upper four compartments are numbered in the clock- 
wise direction, while the lower compartments are numbered 
in the counter-clockwise direction, the fifth compartment 
being diametrically opposite the fourth compartment. 

Example.— Make a drawing of the twenty-four faced 
trapezohedron from the following scheme of the various 
intersections of its planes. 

Intersections in the axial plane X Z — 


fl I 2 
[l 1 2 

4*- * 

\2 1 I 

f 2 I Y 

daT. 


1 2 

1 2 

Y I 2 

1 Y 2 

/hil 

-'\2 1 1 

* 1^2 I 1 


1 2 

1 2 
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Intersection^ in the axial plane X Y- 


4;;^ 'G;; ■{ 

Intersections in the axial plane Y Z — 


I 2 I I 
1 2 I 7 




v/l^I 
■^(12 1 


f I I 2 

z{- - 

{l I 2 


( 112 

- ^ 4 - 

I I 2 (l 2 I 

Intersections in the positive octant, but not in the axial 
planes — 


f* I 

2 

, (2 I 

I 

f 2 I I 

2 

I 

^(l 2 

I 

I 2 


Looking at the indices of the intersection we note that 
the first and last index of the two planes is the same, hence 
their intersection is the line i o 2, or of figure 5, 

Plate I. ; similarly that of b must be the line 201, or 
Si, and so on with the intersections r, A, in 

the axial plane X Z. Similarly also with the intersections 
t/, r, s in the axial plane X Y, and tOf z in the axial 
plane Y Z. 

As regards the intersections not in the axial planes, note, 
for example with <7^, that the planes coincide in the first 
index, i = ^th of a, hence the intersection planes through 
x^f another point in the intersection is indicated at the 
intersection of tv and x^ hence the intersection is (a 
thick line), and its continuation (a thin line) to x^. The 
remaining intersections are not further described, as they 
can easily be understood from what has preceded. 

Note that the intersections drawn indicate the geometrical 
figure, enclosed by the various planes constituting the 
crystal, and it is only necessary to thicken those lines which 
enclose the figure, as shown in the drawing. 

The student will find it desirable to work out the 
drawing of figure 5, Plate I., on a large scale, following 
the description step by step. 


Zone Axis. — The term zone is already understood (see 
Lesson I., p. lo). Now a line drawn through the origin 
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parallel to one of the edges of a zone is called the axis of 
that zone. For example, the line tot’ (figure 6 , Plate I.) 
is a line drawn through the origin, and parallel to the 
intersection of the faces /, q, r, 5^ &c. , constituting a zone, 
hence tof is the axis of the zone, or the zone axis, 
whichever way we like to express it. 

In many cases, especially where the crystal is indicated 
by a number of zones, it is easier to calculate an equation 
for the zone axis, and make use of this equation to draw a 
line to which all intersections in the zone are parallel. At 
present it is proposed only to show how, having given 
the indices of any two planes, a line parallel to their 
intersection may be drawn. 

Let it be required to draw a line parallel to the intersec- 
tion of the planes 2 i i and i 2 i. 

Write out the two pairs of indices twice in two lines, one 
under the other, as in A. 

2 I I 2 I I 

A B 

I 2 I I 2 I 

Now strike out the indices to the extreme right and left, 
as at B, and with the remaining two rows of four figures 
proceed to multiply the first figure of the first row into the 
second figure of the second row, and subtract from this the 
second figure of the first row, multiplied into the first 
figure of the second row, when we have the first zone 
index ; next multiply the second figure of the first row into 
the third figure of the second row, and subtract from this 
product the third figure of the second row multiplied into 
the second figure of the second row ; this gives the second 
index. The remaining figures similarly treated give us the 
third index. 

At B the figures to be multiplied first are connected by 
continuous lines, and the figures to be multiplied and 
subtracted are connected by broken lines. 


2 

I 

I 

/• \ 

2 

I 

I 

2 

Si l : 

I 

Si i.' 
I 

2 
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Carrying out this process we have 

First index= ixi-iX2 = T 
Second „ =ixi~2Xi = T 
Third „ =2X2-ixi=3 
Hence the zone indices are T T 3. 

To make use of these indices to draw the required 
intersection, set off on the axis X (Plate I., figure 7) any 
convenient length, such as Ox^ijnih of d, from a: draw 
parallel to the axis K the length i/nth of and from 
y draw parallel to the axis Z the length _yz = 3/n of r. 
From z draw the dotted line s O. This dotted line is the 
direction of the zone axis. Now the required intersection 
passes through the point since the last index is i, and is 
common to both planes, hence the line rs parallel to z O 
passing through is the perspective drawing of the required 
intersection. 

It will be noticed that this line corresponds to the line 
of figure 5, Plate I., obtained by the method first 
described. 

In the figure (7, Plate I.) Ox is taken Jrd of a, xj/ is 
taken Jrd of and ^ * is taken frds of c. 

Representation of the Edgres of Crystals in 
Plan and Elevation. — The drawing of the axes described 
at page 29 represents these axes as already stated in 
isometric perspective. Refer for a moment to the drawings 
of the cube in different positions, Plate I., figure i. At 
B we have the cube in isometric perspective, and the 
termination of the axes are indicated by the dots near the 
letters jp, y, 5. 

At Cl we are looking directly at the axis y. Keeping 
the eye fixed, let the cube be turned clockwise round the 
vertical axis s, and afterwards turned round the horizon- 
tal axis x, so as to bring the top face into view. We 
then have, if the turning round the vertical axis is x8* 26', 
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and the turning round the horizontal axis is 9* 28', the 
projection of the cube as in B, Plate I., and the projection 
of the axes of figure 9, Plate IV. 

To make the plan of a crystal having rectangular axes, 
we place the crystal in imagination so that the axis Z is 
vertical, and the axes X and Y are in the plane of the 
paper, and then project on to the paper the edges as they 
would appear to an observer at a very great distance above 
the crystal. 

These points being understood, we can proceed to make 
a plan of a crystal when we know the system and the 
various poles. 

Let the parameters be of equal length, and at right 
angles to each other, as in the regular system. Then the 
plan of the parameters, or their appearance when the eye 
is vertically above one of them, which for convenience sake 
we will call r, is obviously the cross a bb^ as in figure 8, 
Plate I., in which a d — bb, and is at right angles to it. 
The projection of the parameter c is merely the intersection of 
a d and b J, but in imagination we can suppose the 
parameter c standing out above the paper to a height equal 
to the length c a ox c b. 

Suppose we wish to represent the intersection of the 
planes i 2 i and 2 i i. The plane i 2 i cuts the parameter 
c at its extremity, it cuts the parameter b at half its length, 
and the parameter a at its extremity, hence the trace of the 
plane on the paper (figure 8, Plate 1 .) will be the line ag^ 
similarly the trace of the plane 2 i i will be the line f b^ 
and since both planes pass through r, the projection of their 
intersection will be the line c r. 

Take another case in which the index for c is different 
for the two planes, for example, the planes 123 and 1 7 2. 
Here we must, in order that both planes shall pass through 
a known point r, make the last index of each plane i. This 
we do by converting the symbols into Weiss's notation (see 
page 24, last lesson), when we have for the plane i 2 3 the 
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equivalent plane 3a r, and for 1 1 2 the equivalent plane 
2a tb c. Now draw a line from h (ch — ^a) to k {ck=\b)^ 
and we have in this line thejtrace of the plane 123. For 
the trace of the plane 2a 2b c (Weiss) draw a line from / 
(c l=2a) io m {c m— - 2^), and continue the lines until they 
intersect, and through the point of intersection draw c s, 
when we have the required projection. 

Or we may find the zone indices by the method of page 
33, and apply this. Thus, to draw the intersection of the 
planes 123 and i i 2, find the zone indices thus — 

I ! 2 3 I 2 j 3 

I =4- 3. 3 - 2, I - 2 = I I I 

I I 2 I I 1 2 

Now run the pencil from c to a, this represents la, from 
a draw a 1^, and now, joining / and r, we have the 
required projection. It will be noticed that the method of 
proceeding is the same as where the axes are projected in 
perspective, only here we have the axis c reduced to a 
point, and all lines parallel to c are also points. 

Example. — Make a plan of the form [i i 2] of the 
regular system from the intersections given at page 3 1 and 
32. See also Plate I., figure 5. 

Project the parameters a d^b b of equal length, see Plate 
I., figure 9. The projections of the intersections a^b; 
WtX (Plate I., figure 5) evidently coincide with the 
parameters r a and c b respectively. For the intersections 
/, q in the axial plane X Y, that is, in the plane of the 
paper, we find these, on drawing the traces of the planes 
2 11 and I 2 I, that is, the lines fb and ga^ figure 8, 
Plate I. The direction cr^ figure 8, gives us the direction 
of the edge or intersection in figure 9. As regards the 
remaining intersections in the positive octant, that is, the 
intersections and find the zone indices. That of 
is 3 I I, and of it is 13 i. From these numbers draw the 
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dotted lines c z and c y of figure 9. Then the edge a, is 
parallel to c and the edge is parallel to cy. Having 
drawn the projection of the edges in the positive octant, 
the drawing may be completed by symmetry. 

EXERCISES. 

41. Having the projection of the axes (Plate IV., figure 9), draw 
by inspection (see page 32) each of the following intersections : — 

.(■“ 4 '“ 

1 i [ill (i 1 1 

Note that the above intersections give the triangular face of the 
octahedron in the positive octant. 

42. To the drawing as obtained in 41 add each of the following 
lines indicating intersections : — 


fl 1 2 

f2 1 1 

fl 1 2 


A 

/] 

2 1 

[1 2 1 

(2 1 1 


This should give a drawing of one octant of the triakis octahedron ; 
Sec figure 42, Lesson VI. 

43. Make a drawing of a cube from the following pairs of inter- 
sections : — 


rioo 

fo 1 0 

fo 1 0 

noio 

^lo i 0 

0 

0 

(0 0 1 

(0 0 1 

fl 0 0 

lo i 0 

lioo 

0 

0 

fO 1 0 

fl 0 0 

fl 0 0 

\o 0 i 

^io i 0 

io 0 1 


Note. — The drawing when made should correspond to the drawing 
of the cube, Plate L, figure i B, the letters in the exercise corres- 
poruting to letters indicating the edges of the cube in l B. 

44. Make a drawing of the axial planes X Y, X Z, and Y Z, 
without the cylindrical enclosure of figure 4, Plate I. 
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45. Three tones, A, B, C, contain the following planes : 


A 

B 

c 

a 1 0 0 

n 1 0 0 

d 0 1 0 

^010 

c 0 0 1 

c 00 1 

1 0 0 

a' 1 0 0 

0 1 0 

0 I 0 

r* 0 0 1 

0 0 i 

Draw the axis of each tone after the manner described at page 34, 
and note that the three lines obtained correspond to those of the axes. 

46. Draw by help of the zone equation 

the axis of each of the 

following zones : — 



A 

B C 

D 

1 1 0 

i 1 0 110 

110 

Oil 

oil 101 

Oil 

10 1 

10 1 Oil 

1 0 1 

i i 0 

110 I 1 0 

110 


With this and the preceding exercise note that any two planes in 
the same zone may be used to obtain the equation, except a plane 
and its opposite. For example, in zone A the pairs of planes 110 
and 1 1 0 merely give 0 0 0 as the zone equation, while all the other 
pairs give ill. Note that the tone axes of this exercise correspond 
to the four diagonals of the cube. 

47. Make a plan of the octahedron projected on to a plane, passing 
through the axial plane X Y. (Note that the drawing results in a 
square with its two diagonals.) 

48. Make a plan of the triakis octahedron from data given in 
questions 41 and 42. 



LESSON \ . 

Spherical Projection. 

The method of drawing crystals given in the last lesson 
is rather tedious, but the method of representation to be now 
described, that of spherical projection is particularly simple, 
easy of execution, and conveys more information respecting 
a crystal than any perspective drawing possibly can do, 
hence the student should give close attention to the lesson 
and the exercises which follow. 

Since in a crystal the angles are constant, whatever 
variation there may be in the size of the planes, we may in 
imagination separate a pair of opposite planes, and miflce 
them approach each other, or recede, just as we please, so 
long as the planes of each pair are kept parallel to their 
original positions. 

Take now a sphere and a crystal, a cube for example, 
and move the sides of the cube to and fro until each of the 

six sides touches the 
sphere, and imagine a 
dot at each point of 
contact, as in figure 14. 
There are now six d<^s 
on the sphere a,d 
c,c; these dots corres- 
ponding as it were to a 
north and south pole, 
r, ?, the dots a, d, b 
being on the equator. 
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Let us now examine the sphere quite apart from the 
crystal, as in figure 15. In the first place we note that the 

dots indicate the position 
of the terminations of 
the axes of the cube; 
again we notice that 
the dots (poles) are 
contained in three great 
circles,'- each circle 
corresponding to a zone 
on the crystal. Again, 
the angles measured 
from dot to dot along 
»5 the great circles corres- 

pond to angles between normals to faces of the crystal. 

'Thus, for example, the distance between a ^ on the 
sphere is 90“, corresponding to the normal angle between 
the faces a and h of the cube. 

The next point to consider is how to represent on paper 
the dots or poles on the sphere. 

In the last lesson we spoke of a drawing as the 
representation of an object as it appears on a piece of glass 
held between the eye and the object. Now, in making a 


E 


Q 

' ' • 

P ' 


Fig *6. 

* A grt»t circle of a »pheTc is a circk drmwn on the sphere such that the plane of 
the ciicle passes through the centre of the sphere. All other cirdes drawn on the 
sphere are »mm.U circlein. 
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drawing of the dots on the sphere, a piece of glass, extremely 
thin, is supposed to pass in a horizontal plane through the 
centre of the sphere, and the eye is placed on the sphere 
itself vertically above the ceiitre of the sphere, as represented 
in figure 16, where Q is the piece of glass, and £ the eye. 
Properly the eye should touch the sphere at the dot c 
instead of above it, as it appears in the drawing. 

The sphere itself is regarded as of a transparent material, 
so that the dots upon its exterior can be seen when looking 
into the inside of the sphere. 


Now it is pretty clear that if we draw a circle to represent 
a disc, produced by the intersection of the sphere, and the 
glass or plane of projection, that 
is, the circle a b « of figure 16, the 
appearance presented to the eye 
at placed vertically above the 
centre of the glass disc, will be 
as in figure 17, and this figure 
(17) is a map of the poles of the 
cube (or any crystal bounded by 
six planes at right angles to 
each other) in stereographic 
spherical projection. 



It is usual in stereographic projection of crystals to 
represent only what would be seen on the lower half of the 
sphere, though it is sometimes a convenience to show the 
poles on the upper part of the sphere, but this point may 
be deferred for the present. 

Take the model of the octahedron, Plate II., figure D. 
Imagine a sphere inside it ; the faces will touch the sphere 
in eight points. The sphere, when mapp>edf will show four 
of these points in positions, shown at and 0^ of 

figure 19, page 42. 
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Intersection of the Planes of Symmetry with 
the Surface of the Sphere. — The planes of symmetry 
passing through the centre of the sphere will obviously 
produce, by their intersections with the surface of the 
sphere, a series of great circles. In the most complex 
case, viz., that of the cubic system, there are nine planes 
of symmetry, and the picture of their intersections on 
the sphere is as in figure i8^ 


E 


•• • 0 

^ II. 

'/ * 

t 


Fig. i8. 

One of the planes, P forms the plane of projection, 
and the great circle formed by its intersection with the 
sphere is the circle a m b. If 0 is horizontal, and the 
eye vertically above the centre of the circle, the appearance 
o{ a m b is the circle a b w, d rhy b of figure 19. 

The four vertical planes produce the circles ra, c ch^ 
and c 5^ of figure 18, and to the eye at P give, so far as the 

lower part of the sphere 
is concerned, the straight 
lines a f d, c 
b cb, of figure 

19. The oblique planes 
produce the circles a 
b a e, and b r, of 
figure 18, and these 
circles, as viewed by 
the eye at will 

appear, as regards the 
lower part of the sphere, 
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as the arcs a d, d by a m^ Oy b b* We have 

now in figure 19 a complete map of the nine planes of 

symmetry of the regular system. 

The student should thoroughly realize the picture 
of the sphere with the intersections of the planes of 
symmetry passing through it, represented in figure 
i8. He would, in fact, in order to understand the 
intersections better, find it an advantage to mark these 
circles in ink on a child’s ball. He will then note 
that the arc r 6 is a quarter of the circle, or 90*, as also are 

the arcs a hy c c triyh tiy p a. The arcs a niy m byh pyp Cy 

c Hy n ay are each 45”. Having realized these facts in 
reference to the sphere itself, he will easily see that in the 
projection, figure 19, the arcs a Cy h Cy a by c are 
each 90’, while the arcs a Wj, h. b Cy c m^y 

Wg each 45’. 

To Draw a Map of the Planes of Symmetry of 
the Regular System.—With c as centre, figure 19, 
draw the circle a b. Draw the diameters a ca and b cT> 
at right angles to each other. Set one leg of the compasses 
at Qy and, extending the other leg to by draw the arc 6 Wg 6, 
with same radius draw from the points 6, a, 6, the arcs 
am^ ay 6 6, a a, and through the intersections of 

these arcs at <7j, o^y o^y 0^ draw the diameters 
and m^m^. This completes the map. 

The spherical projections of the planes of symmetry 
characteristic of each system are given in the next Lesson. 

It may be mentioned here that in the stereographic 
projection of the sphere all circles, whether ** great” or 
‘‘small,” are represented either by straight lines or arcs of 
circles. Hence an accurate map of points on a sphere can 
be made very readily, and zone circles be easily drawn 
through any two points in the manner about to be 
explained. 
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Having: griven the Normal Angles between the 
Poles in any Zone of a Crystal to make a Map 
of that Zone. 

It will be remembered (see Lesson 1 ., page lo) that a 
zone on a crystal consists of a series of three or more 
planes whose intersections are parallel. 

Let A, A/y, A, My, B, figure 20, be section 

of a crystal at right angles to a zone axis, A, My, B, &c., 
being faces in the zone. 
Draw a circle inside this 
section to represent a great 
circle of the sphere, and now 
let the planes, extended if 
necessary, move parallel to 
themselves until they touch 
the circle. Then the points 
of contact or poles will be the 
dots a, nty . 6, a, 6, 
marked on the circle. The 
way in which the planes A and are supposed to move 
up are represented by dotted lines, and the normals to 
these planes drawn from the centre 0 of the circle are 
represented in the drawing. Now let us consider how to 
represent this zone on the plane of projection P Q, figure 
18, under three circumstances. 

(i) The zone circle is horizontal, and lies in the plane 
of projection. 

The zone circle in this case will correspond to the circle 
a mh figure 18, To the eye at E then the picture of 
the poles is a circle with dots upon it, at angles correspond- 
ing to the normal angles between the faces of the crystal. 
In fact, expunge from figure 20 all but the circle with the 
dots a, nty, b, &c., upon it, and we have the required map. 

^^2) The zone circle is vertical, that is, at right angles 
to the plane of projection. 

The zone circle in this case will correspond to one of the 
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circles a n c, tn o r, &c.. of figure i8. We will suppose it 
to correspond to the circle a n c. 

We have now to imagine the zone a h, &c., of 
figure 20 placed in the position of the great circle, a < n oi 
figure 1 8, and we want to know how the points a, 6, 
Wa, 5 will appear to the eye at E when this change has 

been made. The circle 
a Wj, iS:c., of figure 21 
represents the zone circle 
with its poles, a, 6, w,, 
a, turned into the vertical 
position. The diameter of 
the circle of projection 
appears now as the straight 
line a a, and to the eye 
the projection of the poles 
nty^ bf Wj, a on the 
plane of projection will evidently be at the points w',, b\ 
m^^a. Having found the position of these poles along a 
diameter of the circle of projection, we have now merely to 
expunge the construction lines (the dotted lines) of figure 
21, together with the letters and dots at w,, b^ Wg, and we 
have a map of the required zone. 

(3) The zone circle is oblique^ the anf>le behtteen the 
oblique zone circle and the circle of projection being given. 

Let a bhy figure 22, 
represent the circle of 
projection, a td z circle at 
right angles to the plane of 
projection, and 6/6 any 
oblique zone circle, making 
an angle a t with the plane 
of projection. 

Itisrequired to represent 
in the plane of projection 
the zone circle 6/6. 




Fig. »i. 


Fig. as. 
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To the eye in the position represented the point / will 
appear in the position /' along the diameter a a. 

We know now three of the points of the zone 6 / 6 in the 
circle of projection, viz., b 6, the extremities of a diameter 
of the zone, and also the position of the point / as indicated 
at /'. Drawing the arc ft /' 6 of figure 22, we have a picture 
of the required zone on the plane of projection. 

To make the map then of the zone circle, draw first the 

circle of projection P 
figure 23, then mark the 
position of the extremities 
of the given diameter ft ft. 
Draw a a At right angles 
to a straight line joining 
ft ft. From a measure off 
a /, the given angle between 
the zone circle and the 
circle of projection. Join 
ft /, intersecting a a' at t\ 
strike an arc through ft t ft', and we have the required 
projection. 

It will be noticed that so far in this third case we have 
merely shown how to map the oblique zone circle. To 
mark the position of poles on this circle requires further 
consideration. To map the poles we must first find the 
projection of the pole of the great circle h t h of figure 22, 
that is, the projection of a point which is 90* from every point 
of the great circle 6 / ft, just as the North Pole is 90* from every 
point of the equator. To find the required projection of 
the pole, we measure 90* from /, figure 23, in the circl^of 
projection towards a, when we obtain the point /. Join ft /, 
intersecting a a at The point /' is the projection of the 
required pole. 

Let us see, now we have the zone circle drawn, and also 
the position of the pole, how to represent poles which are 
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given on the zone circle. As before, let the poles a, »/ , i 
6, Wg, fl, of figure 20, be those which are to be mapped. 

Having drawn the projection 
of the zone circle, and found 
its pole as just described, 
mark off points fc, w,, 

&C., at the given angles along 
the circle of projection, as 
represented in figure 24. 
Now from p\ the pole of the 
circle, draw the lines p* <1, 
/' Mj, p* 6, &c. Then the 
intersections a, m\^ ft, 

are the required poles. 

It may here be stated that in all cases when we have an 
arc drawn on the plane of projection, then to measure off 
any angle on the great circle to which the arc refers, we 
find the pole of the great circle, and from the pole draw 
lines to points on the circle of projection, the points on 
the circle of projection being separated by the required 
angle. Thus, in case i, page 44, the centre o of the circle 
a Wj, figure 20, is the pole of the circle a tn^. Again, in 
case 2, the position of the eye, figure 21, marks the pole of 
the circle a m\ h' m\ a (its projection being a straight line), 
and lastly, in the third case, p\ figure 24, is the pole of the 
circle a m\ 1 / m\ a\ 

We may now proceed to apply our knowledge of spherical 
projection to the mapping of a crystal. This will be best 
understood by an example or two. 

Note. — A zone is sufficiently indicated when two of its 
poles are mentioned, provided these poles are not 
extremities of a diameter. Thus, the zone A in the 
following example may be spoken of as the zone a mi. 

Example i. — Make a spherical projection of a crystal of 
barytes (prismatic system) from the following measurements. 
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Take the zone A or a as circle of projection (see 
Plate II., figures i and la ) : — 




A 



B 



C 


a 

f/ii 

50" 

50 

a Oy 

37 * 

18' 

h Uy 

31’ 

50' 

a 

b 

90* 


a c 

90* 


be 

90“ 


a 


129* 

10' 


142* 

42' 

h U 2 

M 

00 

10' 

a 

a 

180" 


a a 

180“ 


hh 

i8o* 


a 

Wl 

50" 

50 







a 

h 

90“ 






I), 


a 


129“ 

10' 

fftyZy 

25 *^ 

42' 


25“ 

42' 

a 

a 

180" 


Wj c 

90“ 



90’ 






ffly 23 

154“ 

18' 

7;/ 2 S4 

* 54 “ 

18' 





ftlymy 

i8o* 



180“ 



Since the system is prismatic, draw the three planes of 
symmetry, a 6, 6 f , and a r, Plate II., figure i, and mark 
the poles a, 6, &c., on the circle of projection, by 
measurement with a protractor, making a m , 50“ 50', a b 
90*, and so on, round the zone A. Since c is 90“ from a (see 
zone B), and also 90* from h (see zone C), it is obvious 
that c is at the centre of the circle. Now, on the zone a c, 
measure a 37“ 18' as described (page 45), that is, by 
measuring 37“ 18' on the circle of projection from a \ then, 
from the point o thus obtained, draw the line b o, cutting 
the zone a c mi Oy^, Then <7^ will be marked in its proper 
place. By symmetry mark o» at an equal distance on other 
side of r, and we have the zone B mapped. By similar 
method lay down the zone C, marking the poles and 
As regards the zone D^, join cthy^hy m dotted line, 
this gives the trace of the zone circle D^, and we have to 
measure a distance nty^ Zy^oi 25* 42' along this line. To 
do this draw r/ at right angles to meeting the 

circle of projection at /. Measure from a distance of 
25* 42' and join the point thus found with p by the dotted 
line passing through z^. Measure on the opposite side of 
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c the distance c and we now have the position of 

and «3 marked. By symmetry the poles and z^ on 
the rone Dj are marked. Now, rubbing out the construc- 
tion lines, we have the complete map. 

The drawing la of Plate II. will help the student to see 
the connection between the crystal and the projection. The 
letters on the drawing la, indicating the faces of the crystal, 
correspond to those on the projection. 

Example 2. — A mineral of the prismatic system has the 
following zones. The poles in the positive octant only are 
given. Take zone A as the plane of projection (see Plate 
II., figure 2) : — 


A 


C 

a 

32“ 

27' 

b c 90* 


* 9 " 

22' 


b 

38* 

iT 


B 


D 

a 0^ 

37“ 

44' 

6*1 44 * 50' 

o^c 

52“ 

16' 

*i<’i 45 ° >«>' 


Since the system is prismatic, draw at once the three 
planes of symmetry a 6, be, ca, Plate II., figure 2, and 
proceed to mark the poles a, n-^, m^, b, and also on the 
same zone by symmetry the poles m^, n^, ~a, m^, 6, 

m^, n^, which may be assumed present, though only one- 
quarter of the zone is given. From zones B and C we 
note that c is at the centre of the projection. 

The pole is on the zone a c. Set off the distance 
a 0^ (37* 44') on the circle of projection as shown, and 
from the point P thus obtained draw the dotted line 
b 0^ P, crossing the zone « at 0^. Then 0^ is the 
posidon of the pole Now draw a great circle through 
^ 6 by finding on trial a point Q on the line a a, such 

that by putting one leg of the compasses at Q an arc of a 
circle will pass through b 0^ 6. Draw this arc, and we have 
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the projection of the zone circle D. As regards the pole 
situated on this arc, we note that measuring from 6 it 
is 44* 50' along the circle 6 6, and we have to find this 

distance. To do this first find the pole R of the great 
circle h 0^ b, by measuring 90* from R along the circle of 
projection, and from the point .S' thus found draw the 
dotted line S b, cutting a a at R, and we have R as the 
pole of the zone circle b 6. Now measure a point T 
44* 50' from 6, join T R_by a dotted line, and where this 
line crosses the arc 6 6 we have the position of the pole 

The poles Zg, z^ may now be put in by 

symmetry, and the map is complete. 
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EXERCISES. 

51. A crystal of the prismatic system consists of the following 
zones at right angles to each other. 

aiwj 31“ 24' ak^ 54® 8' 29® 2l' 

w, b 58® 36' c 35® 52' c 60® 39* 

bm ^ 58" 36' 35“ S»' cy \ 60® 39' 

a' 31® 24' k^a' 54® 8' y\b* 29® 21' 

Make a spherical projection of the crystal projecting on the zone 
a m^. 

52. On the map you have now drawn draw a zone circle })assing 
through the poles b^ k^ b' . Find the pole of this circle, and mark on 
this circle a pole /, which is 54® 14' from k towards b^ and fill up by 
symmetry the poles /j,, p^. 

53. A crystal of gypsum (oblique system) has the following zones 
at right angles to each other. 

ad 52® 16' aw, 34® 19' 

dd 127® 44' w, ^ 55“ 41' 

d ^ 127® 44' b Wg 55® 41' 

da 52® 16' 34® 19' 

Make a map of the crystal projecting on the zone a d. Note that in 
this map b will be at the centre of the circle of projection instead of r, 
as is usual in other systems. 

54. On the map of example 53 draw a zone circle through the poles 
b^ </, and on the circle thus obtained mark a pole / between b and <r, 

and at 71® 54' from b. 

55. Fit the model of gypsum together (Plate III, L.}, and study 
the model along with your map. You will note that the model does 
not contain either the pole d or the pole a, but it does contain the 
other poles. 

56. Make a map of a crystal of nickel sulphate (tetragonal system) 
having the following five zones. Project on the zone A. The zones 
A, B, C are at right angles to each other. The zones D and £ are 
also at right angles to each other, and each make an angle of 45® with 
the zones B and C respectively. 
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90® 


16® 14' 

16® 

14' 
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90® 
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57. Compare the map of nickel sulphate with the model of the 
crystal as made from the net of Plate 111 , N. Note that the 
poles a, a, sure not present in the model. The other poles, however, 
are present in the model. 



LESSON VI. 


Interpretation of a Spherical Projection, Zones and their 
Intersections, Fortti. 

The student is now sufficiently familiar with spherical 
projection to form in his mind the appearance of a crystal 
form from its spherical projection, and may proceed to 
apply the projection to yield further information. 

Look at figure 25, which represents the sphere with the 
zone circles of symmetry of the regular system marked 


.i. L 


- • 0 
t> /I. 

* ■ • <r 


Fig. as. 

upon it, with the position P Q of the plane of projection, 
and at the same time compare with it figure 26. 

In figure 25 the axes pass through the points a h c, and, 
as in the regular system, these axes are of equal lengths, 

we have in the projec- 
tion (figure 26) the 
lateral axes represented 
by the lines a d corres- 
p^ding to the axis A', 
b b corresponding to the 
axis K, while the vertical 
axis Z is foreshortened, 
and is represented by 
the point the inter- 
section oi a d^ b b* 
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A pole situated at a (figure a6) conveys the idea of a 
plane perpendicular to the paper, and parallel to d dand c 7, 
that is, a plane which cuts the axis but which is parallel 
to the other two axes, hence its symbol is 100, similarly b 
is o 1 o, and ^ is o o 1. 

Take now the pole ni of figure 25, represented 
separately as in figure 27. The point conveys the 
idea of a plane perpendicular 
to the paper, and at right angles 
to the radius c m^. The plane 
f/ii is therefore parallel to the 
axis Zf and its last index will 
consequently be o. Draw a line 
P Q at right angles to c to 
represent the trace of the plane, 
and note that this plane cuts the 
axes X and V at equal distances from the origin, hence, 
knowing that its last index is o, it follows that the symbol 
of the plane must be i i o. 

Take now a pole A (figure 28) between and a. Draw 
P Q, the trace of the plane, on the paper, and note that 

while the plane is parallel to 
the Z axis it cuts off different 
lengths from X and K In 
the figure O X~c A' is J of 

0 Y=^c y, hence the symbol 
for this plane is 2 1 o. 

In this manner we may by 
construction find the symbol 
for any pole whose plane is 
parallel to one of the axes, 
when we have given the 
number of degrees the pole 
is from the 100 plane, from 
the o I o plane, or from the 

001 plane, or, on the other 


Q 

X 



Fig. 2S. 
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hand, when we have the symbol of any plane having o as 
its last index, we may find its position on the plane of 
projection, and ascertain the number of degrees the pole is 
from the i o o plane. 

The pole then indicates a plane i i o, A a plane 
2 10, and if there were a pole nearer to a than h (figure 
28), it is easily seen that its symbol will be 310, 4 i o, or 
some form A k 0, in which k is greater than k. Also with 
a plane nearer to b than its symbol will be i 2 o, i 3 o, 
or some form k h o^ in which h is still greater than k. 

Now, suppose the plane 2 i o of figure 28, of which the 
trace is P to move over the sphere at right angles to, 
but always touching, the great circle h x y c. As the plane 
moves it will be noticed that while the relative lengths of 
the axes X and y, which the plane cuts off, remain the 
same, it is no longer parallel to the Z axis, so that the last 
symbol, instead of being o, will have a definite value. 
Suppose, for example, that when the plane has reached x it 
cuts off from the axis Z the same length that it does from 
the axis K, then the last index, and the middle index, will 
have the same value, but the first index will be double the 
second, hence the plane x would have a symbol 2 i i. 
When the plane reaches y it cuts off a shorter length of the 
axis Z, which means that the last index will be greater, but 
the ratio of the first and second still remains the same, 
viz., 2 : I ; hence the symbol for the plane might be 2 i 2, 
2 I 3, &c., or have a form 2 1 /, in which / keeps increasing 
as the plane moves from .%* towards c. 

Again, let the plane move from x (in which place it cuts 
off equal lengths of the axes Y and Z) towards h. As it 
moves the length cut off from Z keeps getting greater and 
greater, and therefore the last index keeps getting less and 
less, but, as before, the ratio of the intercepts on X aiid Y 
remain as before in the ratio of 2:1, hence the symbol 
will be a I /, in which / is now less than unity. Suppose, 
for example, the plane is at w, and that here the portion of 
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the axis Z cut of! is double that cut off from the axis 
then the last index is one-half that of the second, and the 
symbol then is 2 i or, to avoid fractions, 421. Similarly 
a pole V might have the symbol 631. 

From the above illustration the student will see that the 
symbols of all planes in a zone have two of their indices 
always in a constant ratio. In the example just given the 
ratio of the first index to the second is always 2:1. In 
the first example, that where w = i i o, ^ = 2 i o, &c., and 
where the last index is o, the statement is not so obvious, 
but the fact that the last index always remains o is 
sufficiently characteristic of the zone*. 

Indices of a Pole which is at the Intersection 



rig. 29. 
and last index equal. 


of two Zones. — In figure 29 the pole o is at the inter- 
section of two zones, one c, and the other b d. The 
pole has the symbol i i o, and 
from what has been said all poles 
along the zone c must have 
their first and second index equal. 
Again, the pole d has the symbol 
101, and all poles along the zone 
db similarly must have their first 
Now o is in both zones, hence must 
satisfy the conditions that its first and second, and also 
its first and last, index shall be equal. It is obvious that 
the symbol i i i is the only symbol which will satisfy both 
conditions, hence i i i is the symbol of the pole o. 

Again, if /of figure 29 is the 120 pole, and / is a pole 
at the intersection of the zones / c and d b, then it follows, 
because / is on the zone / r, its second index must be twice 
as great as its first, and, because / is on the zone d b, ite 
last index must be the same as the first. It is evident that 
the symbol 121 satisfies both conditions, hence i 2 i is 
the symbol for /. 


* Th« fomi of the kymbol for planea on the sone under consideration is A A o ; or^ 
if wc divida all the Indices by the plane has the symbol ^ i o, SO that wc hare 
the laat two indices always alike, thus cxprcMins aeohstant ratia 
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While it is an advantage for the non-mathematical student 
to determine the indices of a pole at the junction of two 
zones by first principles as given above, it seems desirable 
here to point out an easy general method of solving the 
problem, the mathematical proof for which will be found 
in special treatises. 

Zone Symbol or Index. — Having given two poles in 
a zone, we obtain the zone symbol by treating the indices 
of the two poles as described on page 33. Thus with the 
zone r Wj of figure 29 we have the two poles = i i o, 
andf=ooi. Then 

m \ ^ o I T o 

XXX 

^001 001 

and zone symbol 

= (I X I-O X o), (o X O-I X 1 ), (l X O-I X o) 

= 110 A 

similarly the zone symbol for the zone db 
^=0 I o) is found to be 

= T o I B 

Now treat these zone symbols in the same way as the 
pole indices have been treated, thus 

A I 7 o I 7 o 

xx_x 

B I o I 101 

and we have 7 7 7 , or i i i, and this is the required 
symbol for the pole as the student already knows, at the 
intersection of the zones m c and d b» 

Similarly treating the pole indices / and r, and the pole 
indices b and d, we obtain the symbol of / as i a i. 

Meaning of the 1 1 1 Pole in Different Systems.— 

In the illustrations of spherical projection so far the regular 
system alone has been referred to, in which the parameters 
are all the same length. It should be mentioned, however, 
that the parameters have different lengths in all systems 
but the hexagonal and cubic, while in the tetragonal 
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system two of the parameters are equal and the third 
different. Hence, while the i i i pole in all the systems 
refers to a plane which cuts the extremities of the para- 
meters, the actual lengths of the axes cut off may be 
different, according to the way in which the parameters a, c 
vary. In a spherical projection the lengths of the parameters 
are not indicated as they are in a drawing, but the position 
of the I I o pole on the projection gives the relation of 
a : while the position of the o i i pole shows the relation 
of ^ 

Form. — The term form has been used in these lessons, 
but at present no [►recise meaning of the term has been 
given to it. With the help of a map of the planes of 
symmetry we can now easily understand the definition, 
which is as follows : — 

** The figure consisting of a given face, and the faces 
which by the law of symmetry of the system of crystallization 
are required to co-exist with it, is called a form. The form 
consisting of the face h k I and its co-existent faces may 
be denoted by the symbol {h k l\. When, however, there 
is no dinger of mistaking the form for a zone or a face, 
having the same indices, the braces may be omitted.” — 
“Tract on Crystallography/’ by W. H. Miller, 1863, p. 19. 
Figure 30 is a map of the sphere containing the planes 

of symmetry of the 
prismatic system (three 
planes at right angles to 
each other). Put any 
pole on the sphere, 
but not in one of the 
planes of symmetry, 
then is reflected by 
the plane B B' to 
and the two planes /j, 
are both reflected 
Kiv . 3^. by the plane A A', giving 
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Form. 


us the poles and The plane of the paper reflects 
these four poles to the upper part of the sphere, and to 
indicate this reflection small circles may be drawn around 
the dots as in flgure 31 ; and as no further reflection is 



Fig. 31. Fig 3a. 

possible, we have in figure 31 a complete map of all the 
faces of the form {/}. If is the parametral plane, that is, 
cuts the parameters a b c unit length, the form {p} is the 
form III, and consists of eight planes, p^^ 

/a* /a- geometrical figure corresponding to 

the map is that of figure 32, in which there are eight faces, 
each face corresponding to one of the dots or circles o! 
figure 31. The model Plate IV., figure i, is a model of a 
similar form, but the faces are lettered z instead of p. 

Now suppose py (figure 33) to be on the horizontal 


b 
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plane of symmetry (the plane of the paper), /, is reflected 
by the plane B B' to and the two poles are 

bodily reflected to but no further reflection is 

possible. Suppose Zi to be the i a o pole, then figure 33 
may be taken as a map of the form {120}. It will be 
noticed that there are only four poles in the form, and the 
geometrical figure corresponding to the map is an open 
prism of four sides (figure 34). Since the figure docs not 
enclose a space, such a form is said to be open. The 
model Plate IV., figure 11, is a model of this form, but in 
addition there is on the model the basal planes 001 and 
o o T. 

Now let Zi be at the intersection of two of the planes of 
symmetry, as in figure 35. No reflection is possible except 
by the plane B B', which 
produces the plane Z^, but 
there were 

symmetry, only centro- 
symmetry, Zi 

be in the position marked all 
the Hence a 

at the 

of symmetry 
system have 

IHHHHKHHB opposite pole, and the form 
consists of one plane only. 
In the model of nickel 
sulphate the plane r is a form of this kind, but as the plane 
must have some thickness, there will of course be a 
repetition of the plane at ? on the opposite side of the 
crystal, and in this light the form might be spoken of as 
made up of two planes. In the model Plate IV., figure 11, 
the basal plane is a plane at the junction of the planes of 
symmetry A A', B B', and with the opposite plane make 
up the form {001}. 
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In the model Plate IV., figure 12, are three forms of this 
kind, viz., the form {10 o}, the form {o i o}, and the 
form {001}. 

In representing the poles of a form the same letter 
should be used, as really the form is a mere repetition of 
the same plane. It is convenient, however, to put un- 
dashed letters, /i, &c., in the positive octant, to use 

dashed letters, px. &c., for opposite poles, and to 
indicate poles produced by reflection by numerals, as 
/> 3 , &c. 

It will be convenient here to give figures of the sphencal 
projection of planes of symmetry of the six systems, or 
rather five of them, for it will be remembered the anorthic 
system has no plane of symmetry. 

Reference should l>e made to page 17 when studying the 
following figures : — 


Mono SYMMETRIC System. — 

One plane of symmetry, repre- 
sented by the circle of projection, 
figure 36. 

Fig. 36- 


Ortho-rhombic System. — 
Three planes of symmetry at 
right angles to each other, 
figure 37. 




Fig. 37. 
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Hexagonal System. — Three 
planes of symmetry at angles of 
120*, represented by three 
thickened diameters of the 
figure, or seven planes of 
symmetry, represented by the 
three thickened diameters, the 
three bisecting thin diameters, and 
the circle of projection, figure 38. 



Kig. 38. 


Tetragonal System. — Five 
planes of symmetry. Four at 
45* to each other, represented 
by the four diameters of the 
figure, and one at right angles to 
these, represented by the circle 
of projection, figure 39. 



Fig. 39- 


Cubic System. — Nine 
planes of symmetry, as 
described at pages 16 and 
4a, see figure 40. 


Fi*. 40. 

In concluding this lesson, it may be pointed out that 
each system is capable of having a certain number of 
hoUhedral forms, though reference has only been made in 
detail to the ortho-rhombic system. For meaning of the 
term holt^iedral see Lesson IX. 
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Forms — Regular System. 


In the r^ular system, for example, there are seven forms. 
I . The general form, h k known as the hexakis 
octahedron. Figure 41 repre- 
sents an example of this form, 
the form {i 2 3}. Draw the 
planes of symmetry of the 
regular system, see figure 40, 
mark a pole within the tri- 
angle a and then, by 

symmetry, obtain the other 
poles, when a map of this 
form will be obtained. Note 
that there are forty-eight 
faces to complete this form. 

2. The general form hkk 

where isgreater than known 
as the triakis octahedron. 
Figure 42 is an example of 
this form = {2 2 i}. For the 
projection put a pole between 
niy^ and on the zone 
(figure 40), and obtain by sym- 
metry the remaining poles. 
Note that there are twenty- 
43 four faces in this form. 

3. The general form h k k, h being greater than i, 
known as the 24-faced trapezo- 
hedron. Figure 43 is an 
example of the form =3211. 
For the projection put a pole 
on the plane of symmetry 
a between a and 0^ (hgute 
40), and obtain by symmetry 
the remaining poles. Note 
that there are twenty-four 
faces in this form. 
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4. The general form, 
A ^ <7, is known as the four- 
faced cube. Figure 44 and 
model Plate III a. illustrate 
an example of this form 
= 210. For the projec- 
tion put a pole on the 
plane of symmetry a 
between a and (figure 

40), and obtain by sjrm- 
metry the remaining poles. 


■ 5. The general form i i o is 

called the regular dodecahedron, 
see figure 45 . For the projection 
put a pole at figure 40, and 
obtain by symmetry the remain- 
ing poles. Note that there are 
twelve faces to this form. 

Fig. 45. 


6. The general form i i i, 
known as the regular octahedron, 
see figure 46. For the map put a 
pole at of figure 40, and obtain 
by symmetry the remaining poles. 
Note that there are eight faces in 
this form. 




Fig. 4S. 
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Spherical Projection. 



Fig- 47. 


7. The general form 100, 
known as the cube, see figure 47. 
For the map place a pole at a 
(figure 40), and obtain by sym- 
metry the remaining poles. Note 
that there are six faces in this 
form. 


For the convenience of students who may wish to follow 
up the subject of siereographic spherical projection of 
crystals more fully than has hitherto been outlined, the 
following problems and remarks will be useful. 

To draw the projection of a zone oirele pasainiT 
through any two poles, and afterwards to draw 
that particular diameter of the zone which lies 
in the plane of projection. 

Let / figure 48, be the two given poles, ^ l)eing the most 
distant from c, the centre of the circle of projection. Join q c, 

and produce this line 
in the direction of q\ 
Draw c r at right 
angles to q q\ join 
q r, and draw r q at 
right angles to rq^ 
meeting q q* at q\ 
Bisect q q* at r, and 
draw X / IT at right 
angles to q q*. In 
the line s tu find a 
point /, such that 
from it a circle can 
be struck through 
f P cutting the circle of projection at d and d. Then 
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d q p d' \% the projection of the required zone circle, and 
the line d d' 'v& the particular diameter which lies in the 
plane of projection. 

To mark in stereographic projection any pole 
of a system with rectangrular axes, when the 
indices of the pole, the system to which the pole 
belongs, and the relative lengths of the para- 
meters, are given. 

Example. — Find position of the pole i 2 3 belonging to 
the prismatic system, in which rt : 7*6 : 10 : 1 2*4. 

Draw a circle P Q, figure 49, with a radius =^=12*4 
parts. Draw also the planes of symmetry a a\ b b\ at 

right angles to each 
other. Take cx~{a 
*=7*6 parts, and ry = 

J ‘•>=i (■o) = 5 
parts. Join x y\ and 
draw the diameter ncn' 
at right angles to xy' ; 
draw also the diameter 
z c z' Sit right angles to 
n c n\ Measure c in 

c 2, and make J c 

Fig. 49 . =J = i (i2'4) = 4*i3 

parts. Join "z and 
draw the radius c j at right angles to '^z q. Join 2 ' s by a 
dotted line, intersecting c n 2X t. Then / is the position of 
the pole 123. 

The converse problem of finding the indices when the 
position of the pole, the system to which it belongs, and 
the lengths of the parameters, are given, may be easily seen 
from the last example. After drawing the circle of projec- 
tion of radius c, and marking off the parameters a and 3 , a 
diameter n t n' is drawn through the given pole /. The 
diameter 2 r is next drawn, then the dotted line i' / 
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passing through /. The radius cs can now be drawn. 
From X draw x y> at right angles to c n, and from q, the 
point where xy' crosses c «, draw q at right angles to c s. 
The lengths c xjc x, cy/cy', c zjc z, will be the indices, with 
the first index as unity. 

Though attention has not been directed to the point, 
the student may have noticed from the lesson on spherical 
projection that the angle subtended by two poles on the 
sphere to the eye or point of projection is one-half the 
actual angle between the poles. Thus, in figure 2 1 , page 
45, the actual angle between the poles is the arc 

of the circle a but the angle E Wg is by 
Euclid, Book III., xx., one-half of the angle tn^ b' Wg. 
Similarly, while the angle between a a of figure 21 is 180*, 
the angle E is 90". 

As remarked on page 41, we seldom require to make 
reference to the upper part of the sphere, but the principle 
upon which the drawing of a zone circle through two poles 
is based depends upon the projection of a pole lying above 
the plane of projection. Imagine the eye at r of figure 48, 
then q is the projection of the pole q on b. plane passing 
through the centre of the sphere, and at right angles to the 
paper; and if we make the angle q r q 90®, the arc sub- 
tended by q / will be 180°, as stated in the last paragraph ; 
hence, q* is the projection of one diameter of a circle passing 
through q q\ and, as we have now three given points in the 
zone passing through q /, viz., and q\ we can draw 
the zone circle d q p d\ 
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EXERCISES. 
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Fig. 50. 


61. Figure 50 is a map 
of an octant of a crystal 
in the prismatic system, 
having the following 
poles : — a I O o, ^ o I O, 
r o o I , w I I o, / 4 I O, 
3 o I , ^ I o I , / I o 3. 
There are also other 

poles, Uy Vy Wy tty 0, , 

at the intersection of 
rones indicatei) by the 
map. Find by the 
principles explained (.see 


pages 55 and 56) the symbol for each of the poles //, v, 7 v, w, 0, p. 
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Fig. 51. 


62. Figure 51 is a map 
of a crystal of the regular 
system, having the poles as 
indicated by letters a <» 1 00, 
^ = 0 I o, f =0 o I. The 
rones marked are those of 
the planes of symmetry. 
Find symbols for the planes 
m^y m^y and 


63. Draw a map of an octant of a crystal of the regular system, as 
in a f ^ of figure 51. By means of a protractor put along the zone a by the 
poles ky nty n at distances such that a ^= 18 * 26', a ^ 3 = 45 *, a >1=63* 
26' ; now, by method suggested at page 53, determine the indices of 
each of the poles ky nty n. 

64. Draw a map of the planes of symmetry of the tetragonal 
system, and mark upon it the position of the poles am o o, ^3=0 i o, 
r3=oo I, m3=i I 1. Find also the position of the poles 210 and 

12 0 . 
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65. Map the planes of symmetry of the tetragonal system, and 
marking a pole p anywhere on the map, find by the laws of symmetry 
how many faces there will be in the form. It will be well perhaps to 
take first what is called the general form^ that is, when the pole is not 
on either of the planes of symmetry. Then put p on one of the planes 
of symmetry, but not at a junction. Lastly, put / at the different 
junctions of the planes. Make freehand sketches of the principal 
forms you obtain. Take now the model of nickel sulphate, or the 
crystal itself, and consider where the pole c would be on the map, also 
roughly where the poles 0 and t will be. 

66. Two poles, h kl and m n 0, are on the zone A, while two other 
poles, P q r and s t are on the zone B. Find the zone symbol for 
the zone A, and also the zone symbol for the zone B. 

67. Two poles, 584 and 621, are on a zone A, while two poles, 
532 and 531, are on a zone B. Find symbol for each zone. Also 
find indices of a pole which is at the intersection of the zones A and B. 

68. In a crystal of the prismatic system the m or i i o plane is at 
64* 49' from the pole a, and 25® ll' from the pole b. Make a drawing 
showing the relative lengths of the X and Y axes, that is, relative 
lengths of the parameters a and b. 

69. Make a stereographic projection of a barytes crystal (ortho* 
rhombic system) from the following particulars : — a : ^ = 
7*6 : 10 : 1 2 '4. Poles present <1=100, ^ = 010, f = ooi, w = iio, 
0=101, t=iil, ^=114. Compare this with the projection 
obtained in example i, page 47. 

69A. Taking the pole of figure i, Plate II., as the ill pole, 
show that a \ b \ c w 7'6 ; 10 : 12*4. 



LESSON VII. 

Naumann' s Notation. Axes and Parameters in the Six 
Systems. 

Now that the term form has been explained, the method 
of notation, introduced by Naumann, and used by many 
authors, will be readily understood. 

The principle of this notation is to give a symbol for the 
fundamental pyramid, or i i i form of Miller, and to 
indicate other forms by numerals or fractions in connection 
with the symbol. 

An idea of the notation will be best obtained by an 
example from the prismatic system. In this system there 
are three axes at right angles to each other, and all of 
different lengths, represented in figure 3 of Plate II. 
There is, in Naumann’s notation too, a slight difference in 
the symbols of the parameters, which is convenient ; thus, 
^ is the vertical parameter ; the longer of the two lateral 
parameters is indicated by and is called the macrodiagonai^ 
from the Greek fjMLKpos (makrbs)y long; while the shorter of 
the two lateral axes is indicated by by and is called the brachy- 
diagonaly from (brachusf short. See note, page 75. 

Look now at figure 4 of Plate 11 . The double pyramid 
in thick lines, marked P, is the fundamental pyramid, and 
would, in Miller’s notation, be called the form {i i i). 
This fundamental pyramid, in Naumann’s notation, it 
called P, the initial letter of pyramid. If a pyramid such 
as the {221} of Miller has twice the height of the funda- 
mental pyramid, the symbol in Naumann’s notation is 2 P ; 
similarly the 3 3 1 of Miller would be 3 P; and when the 
pyramid is ipfinitely high, that is, when we have the form 
{i I 0} of Miller, we have the symbol ©oP (infinity P) of 
Naumann. If we have a pyramid half as high as the 
fundamental pyramid, this will be represented by ^P=a 
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the (i I 2} of Miller; similarly J P will be the (i 1 3} of 
Miller; and when we come to a pyramid of no height, that 
is, the flat plane, parallel to the axes X and V, then the 
symbol is o P (nought P) = o o i of Miller. 

In figure 4 of Plate II. is represented the fundamental 
pyramid, or {i i i}, in thick lines, the pyramid 2 P by 
thin lines outside this fundamental pyramid, while the form 
“J P is represented by thin lines inside the fundamental 
pyramid. 

Figure 5, Plate II., is a drawing of a crystal containing 
the forms o P, J P, P, 2 P, and 00 P. 

Among the models there is not one from the prismatic 
system which illustrates this point well, but the nickel 
sulphate model, Plate III., figure N, will serve. The set 
of faces marked ^2, constitute the 

form P, while the set of faces » constitute the 

form i P, and the two faces r and ? constitute the form 
o P. 

In the model, Plate IV., figure ii, the four prism planes 
make the form 00 P, while the basal planes constitute the 
form o P. 

Let us now consider a set of forms containing planes 
parallel to the macrodiagonal or X axis, and which, in 
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thick lines in figure 7, Plate II. The planes constituting 
this form are called domes (domus^ a house), because they 
resemble a roof of a house. The form P 00 is the funda- 
mental dome, just as P was the fundamental pyramid, and 
the higher domes are represented as 2 P 00, 3 P 00, &c., 
while the lower domes will have the symbols i P 00, J Poo, 
until we come to the plane o P. Domes parallel to the 
macrodiagonal are called macrodomes. Similarly the set 
of forms having planes parallel to the brachydiagonal 
(brachydomes) will be represented by the symbols Poo, 
2 P 00, 3 P 00, &c. ; and the low domes within the funda- 
mental dome by the symbols i P 00, J P 00, i P 00, &c. 
See figure 8, Plate II. 

Special terms are often employed to represent the planes 
I o o, o I o, and 001, that is, planes parallel to two of 
the axes, but cutting the third. These planes are called 
pinakoids, from the Greek ^riVaf, a “slab.’' The plane 
parallel to the two diagonals is called the basal pinakoid, 
that parallel to the macrodiagonal and the vertical axis is 
called the macropinakoid, that parallel to the brachy- 
diagonal and vertical axis is called the brachypinakoid.* 
These have, in Naumann’s notation, the symbol o P for 
the 001 plane, on P 00 for the plane parallel to the brachy- 
diagonal, and 00 P 00 for the plane parallel to the macro- 
diagonal. 

The model, Plate IV., figure 12, is instructive as to the 
meaning of these terms. 

There is now only the case to be considered when the 
form is general, that is, cuts the three axes. This general 
form, as expressed by Miller, is h k l\ as expressed by 
Naumann, it is either m P «, or m P «, where m and n are 
fractions or integers referring to portions or multiples of the 
parameters cut off. It must be remembered, however, that 

bther names are t o o'^proto-pinakoid ; o t o^dtuttro-pinnkoid ; oo 

Again, o * / is called the protihdome. and hoi the dtuiero-dcmt. 
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the first symbol, w, refers to r, or the vertical axis ; the 
middle symbol, P or P, refers to the shorter or longer axis, 
as the case may be, the symbol n indicating how many 
parts of this parameter are taken. The remaining para- 
meter, d or as the case may be, is implied as unity. 

For example, if, following Miller, we make d the longer and 
b the shorter of the two parameters forming the diagonals, 
then, in Millerian notation, the plane 123 means a plane 
which cuts at 

{ofd io(b i oil; 
and this would be expressed by Naumann as 

iPi, 

in which a is taken as unity. 

If we make b unity in the plane i 2 3, we have (see 
Lesson III., page 24) the new symbol as 

2 a b j ^ ; 

and this, in Naumann’s notation, would be 

Henw, the plane 123 can be expressed either as J P J, 
or j P 2. 

In figure 9, Plate II., the thick continuous lines 
represent the plane i 2 3 as expressed by Miller, or by the 
symbol i P i of Naumann ; the thin line represents the 
plane } P 2 of Naumann, parallel to, and hence, of course, 
the same plane as the other. 

In the regular system the symbol O is used for the 
fundamental pyramid, or octahedron (the i i i of Miller). 
The symbols 2O, 3O, refer to octahedra of twice or three 
times the height of the fundamental octahedron, and are 
symbols of two examples of the triakis octahedron. As the 
numbers in front of the O increase, the octahedra forming 
the triakis octahedron get higher and higher, and when 
we come to 00 O we have the dodecahedron. The cube 
has the symbol ooOoo; the four-faced cube the S3rmbol 
00 On; the twenty-four-faced trapezohedron the symbol 
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mO m. The general form, h k oi Miller, has the form 
^ O j of Naumann. The symbol of that plane of the 

form, which has the last index unity, is adopted, and m 
and n represent the ratio of the first to the second intercept 
when this is the case. For example, the symbol i 2 3 of 
Miller means a plane 

\a \ where = 

Make the last index unity, and we have 

<*• 

Hence, Naumann’s symbol is 

30i 

Naumann’s symbols in other systems may be deferred 
for the present. 

The terms pinakoid and dome have been illustrated at 
length in connection with the prismatic system. These 
terms, however, are used in other systems, more particularly 
in the oblique system. Speaking generally, the forms 
{100}, {010}, and {001} constitute the three pina* 
koids of a system, while the forms {101} and {o i i} 
constitute the fundamental domes, the form {110} being 
retained as the fundamental prism. The three pinakoids 
of the oblique system are commonly termed the {100} 
the orthopinakoid, the {001} the basal pinakoid^ and the 
{010} the clinopinakoid. 

The {110} is the fundamental prism (four planes), 
while the {101} and the |T o 1} together form the 
fundamental orthodome, zxid the {011} the fundamental 
clinodome (four planes). 

Figure 10, Plate II., is a spherical projection, while figure 
loa of the same plate is a plan of the planes just referred to. 
The only difficulty the student will have, I think, is in 
reference to the orthodome. It will be noticed that this 
is not a single form, being made up of the two forms v and 
w in the projection. The form in figure might 

be two rough planes, while the form was two 
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smooth planes. The form v is sometimes called a half 
dome, the’ other half being the form w. 

Note. — In the spherical projection the direction of the 
axes X X', Z Z' are indicated by dotted lines ; the second 
axis, Y Y', is at right angles to the plane of the paper, and 
passes through centre of projection as indicated at Y. 

Position of Axes and Leng^ths of Parameters 

in the Six Systems. — The close of the present lesson 
gives a good opportunity for summing up what has been 
implied rather than emphasized, viz., the position of axes, 
and ratios of parameters in the six systems of page 17. 

The axes of a crystal are three imaginary lines passing 
through the crystal, the three lines being parallel to three 
edges of the crystal. The parameters are three lengths 
measured on the axes, the lengths of these parameters 
determining the lie of the i i i plane. Other planes cut 
the parameters at other points than their extremities, the 
lengths cut off being called intercepts. 

Anorthic system. — The three axes as in figure 12, page 
20, are at all angles, so long as no two of them are at right 
angles to each other, and the parameters are all of different 
irrational lengths. 

Mono-symmetric system, — Two of the axes lie in the 
plane of symmetry, and are inclined to each other; the 
third is at right angles to these two axes. The parameters 
are all different. See projection, figure 10, Plate II., 
referred to on page 73, 

Ortho-rhombic system. — Axes all at right angles in inter- 
sections of planes of symmetry. Parameters all different. 

Hexagonal system. — Three axes each in a plane of 
symmetry, and inclined equally to each other, but not at 
right angles. The axes are parallel to the edges of the 
primitive rhombohedron. The parameters are all equal 
(Miller). Some authors use Bravais’ method of four axes ; 
one, the primitive axis, being in the intersection of the 
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planes of symmetry; the other three (lateral axes) being in 
planes of symmetry at 6o* from each other, and in one 
plane. The parameters on the lateral axes are equal ; 
that on the primitive axis different. 

Take up the model of the rhombohedron, K, Plate III., 
and look down upon the three faces, r^, r,. I he 
three edges r,, are parallel to the axes in 

the Millerian method. 

Now take up the model of the hexagonal prism, figure 
8a, Plate IV., and look down upon the six-sided basal 
plane marked o. The dotted lines correspond to the 
lateral axes, while a line at right angles to these is the 
direction of the principal axh, according to the Bravais 
method. The notation in the hexagonal system is some- 
what difficult, and hence little is said of it in this elementary 
work. 

Tetragonal system . — Three axes at right angles to each 
other in intersections of planes of symmetry. Two of the 
parameters equal ; the third different. 

Cubic system . — Three axes at right angles to each other 
in intersections of planes of symmetry. Parameters all 
equal. 

Note on Conventional Order in lengths of 
parameters. — in the projections of Miller the parameters 
in the ortho rhombic system are generally arranged with a 
longer than 6, and that is the order of magnitude used in 
the illustrations of Naumann's system in this lesson. Groth 
and other German writers usually make b longer than a, 
that is, make b the macrodiagonal and a the brachy- 
diagonal. It would undoubtedly be convenient if 
crystallographers would adopt a uniform system in reference 
to magnitude of parameters. 
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EXERCISES. 

71. Make a projection of the three axes of the prismatic system, 
and point out which is the vertical axis, which the macrodiagonal, 
and which the brachydiagonal. 

72. With your projection thus formed make a free-hand drawing of 
the form P, 2 P, and ^ P. 

73. Make a free-hand drawing of a crystal of the prismatic system, 
bounded by the planes 00 P and o P. 

74. Make a free-hand drawing of the fundamental macrodome, 
also of a dome twice as high, and of one-half as high. Give symbols 
for each form. 

75. Draw* similarly the fundamental brachydome and domes twice 
and one-half as high as the fundamental. 

76. What do you understand a pinakoid to be ? On the drawing 
of the crystal, figure la, Plate II., point out which plane you regard 
as the basal pinakoid, which the macropinakoid, and which the 
brachypinakoid ; also which you take to be the macrodome, and 
which the brachydome. Give symbols for each plane in Naumann’s 
notation, and also give probable symbols for the forms m and % of the 
drawing. Injudging which is the macrodome and which the brachydome, 
consult the spherical projection of the crystal, figure i of same plate. 

77. The following are symbols of some forms in the prismatic 
system according to Miller : — 

III 010 I o I 

110 100 234 

001 oil 332 

Taking the first index as referring to the macrodiagonal, the second 
to the brachydiagonal, and the third to the vertical axis, give 
Nauraann’s symbol for each form. 

78. Translate the following symbols into Millerian symbols : — 

ooP oopexj 2P3 Poo 

oP oopoo Poo 3^2 

79. Find either on the model of gypsum, or on the crystal itself, 
the planes constituting the clinopinakoid, and those constituting the 
fundamental prism. 
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Physical Properties of Crystals of the different systems. 

Under the head of physical properties of minerals may 
be put — 

Behaviour in relation to 

i. Light 
Transparency 
Lustre 
Colour 

Phosphorescence 
Refraction phenomena 

ii. Heat 

iii. Electricity 

iv. Magnetism 

Of these properties many have no special reference to 
systems of crystallization, and belong rather to mineralogy 
than crystallography. 

As connected with symmetry, reference may be made to 
hardness, cleavage, and behaviour in relation to light, 
heat, and electricity. 

The peculiar properties of crystals in reference to hard- 
ness, structure, cleavage, light, heat, and electricity, are 
symmetrically situated in reference to the planes of sym- 
metry, and are constant in the same direction. Hence, 
some authors will define a crystal without reference to the 
geometrical form that the body takes up when free to 
crystallize. 


Hardness 

Structure 

Cleavage 

Fracture 

Specific gravity 

Streak 

Smell 

Taste 
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We may, for example, have a mass of calcite without 
any definite form, but, on breaking it, we soon find that it 
cleaves symmetrically in reference to three planes at 1 20*; 
its action on light is the same in directions equally inclined 
to the planes of symmetry, and its other physical properties 
are grouped about these planes. We can well imagine 
that these effects are brought about by the systematic 
arrangement of molecules ; hence a crystal has been defined 
as “a system of molecules belonging to an individual 
substance symmetrically arranged and presenting the same 
properties along all lines taken parallel to the same direction 
or to directions that are similarly disposed in respect to 
symmetrically repeated features” (Maskelyne). 

Again, Groth, Physikalische CrystallographiCy 1885, p. 7, 
says, after pointing out that physical properties generally 
depend upon elasticity, “a crystal is best defined as a 
solid body, the elasticity of which is equal in all parallel 
directions, but, on the contrary, in different directions is 
different.” 

Take up a crystal of gypsum (No. 2 in the box of 
specimens). Note that if you draw the thumb-nail over the 
cleavage face (=^ of the cardboard model, Plate III. L), 
the specimen is scratched easily ; but trying either of the 
faces I or iw, these are more difficult to scratch. This shows 
clearly a difference in structure in different directions of 
the crystal. Note, too, what has been established generally, 
that crystals are softest on the cleavage planes. 

Try the nail on other specimens in the box, and you will 
fail to scratch them. It is convenient in describing 
minerals to specify their hardness, and this is generally 
given in what is known as Mohs’ scale, in which ten typical 
minerals are numbered from i to 10. It may assist the 
memory to put the names of these typical minerals as 
though the minerals themselves were placed in a box with 
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ten divisions, according to the following scheme : — 


i 

I j 3 

3 

4 

5 

Talc. IrocIc Salt, 
or Gypsum 

1 

Calcite. 

Fluor 

spar. 

Apatite. 

6 7 ! 

8 ' 

9 

10 

Orthoclase Quartz. 
Felspar, j 

Topaz. 

Corundum 

Diamond. 


Thus, if a mineral, barytes, for example, is found to 
scratch calcite, but not to scratch fluor spar, it would be 
described as having a hardness of from 3 to 4. Hardness 
is generally expressed by the symbol H. Thus, H = 3 
refers to a mineral whose hardness is the same as calcite. 

By means of the sclerometer, an instrument consisting 
of a steel or diamond point, weighted until a scratch is 
produced, the hardness of a mineral in different directions 
on a certain face can be estimated. To do this the weighted 
point is drawn a given number of times over the face in 
parallel lines, the dust collected and weighed. The direction 
is then changed, and the dust collected in this second 
scratching, and soon in several directions ; that direction 
in which the least powder is collected being the hardest. 

By this method it is found that hardness, as above defined, 
on a face is symmetrical, and related to cleavage. Thus 

■ with barytes, drawing radial 
lines on the face c the length 
of the radius corresponding 
to hardness in the direction 
of the radius, the ends of the 
radii, trace a star represented 
in figure 53. It will be 
noticed that the hardness as 

Fif . 53. 
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tested in this way is least in the direction of the cleavage 
planes w, w, and greatest in lines bisecting these directions. 

The curve obtained by measurements with the sclero- 
meter is called the curve of hardness. The curve is related 
to cleavage in the crystal, as shown very prettily by a 
comparison of figures 54 and 55, which represent the curves 



Fig. 54 - Fig. 55 . 


of rock salt and of fiuor spar, as traced on the cubic faces. 
It will be noticed that the curve on the rock salt, figure 54, 
has its minimum breadth parallel to the cubic face, while 
that of fiuor spar, figure 55, has its minimum breadth 
parallel to an octahedral face. These curves show then 
that the hardness on a face is least in the direction of 
cleavage, although, as has already been stated, the mean 
hardness of cleavage faces is generally less than that of 
other faces. 

Cleavage. — Take up a cr>'stal of calcite (No. 4 in the 
box supplied with this work), and you will note that there 
are many faces present termed natural faces^ but probably 
one face presents itself which has the appearance of being 
produced by a fracture of the crystal. If such a face is not 
there, one or more may easily be produced by striking the 
crystal with a hammer near one edge, and not unlikely the 
cleaved faces forming the rhombohedron will be obtained. 
Along with the crystal a cleaved specimen from the spoil 
heap of a mine will be found. This cleavage form has been 
obtained by the successive blows and rough treatment at a 
mine in separating the ore from the gangue. Again look at 
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your crystal, and see if you can observe indications of cracks 
in the substance of the crystal itself ; these 
are commonly present, and their direction 
is parallel to planes of cleavage. Figure 56 
is a drawing of one of the crystals of calcite 
supplied with this work (No. 4 in the box); r is 
a cleaved face, the others are natural faces. 
The crack at c c it will be noted, indi- 
cates a plane parallel to the cleavage plane r. 

Take a crystal of fluor spar, No. 6 in the box, 
hold it up to thelight,and see if any crocks pre- 
sent themselves; they are not usually present. 
The planes of cleavage are however easily produced by 
striking the crystal with a hammer, as though to knock 
a corner off, and, with a little skill, if 
you care to sacrifice your crystal, you 
may from the cubic crystal obtain an 
octahedron. See figure 57, in which 
is represented a cube with two of its 
corners knocked off in the way 
suggested. 

Similarly examine other crystals. Barytes often shows 
cracks indicating cleavages parallel to the face 001, and 
to the faces of the form {i 10}. The specimen of nickel 
sulphate in the box you will find is easily cleaved parallel 
to the face ^-(001), while gypsum is cleaved parallel to 
the 010 face most easily, as has already been pointed out. 
Having obtained slices of gypsum, and of nickel sulphate, 
reserve them for the polarization experiments, to be 
described presently. 

Relation to Ligfht. — Colour , — Minerals when crystal- 
lized have a variety of colours, and even in the same 
species the colour may be various. The specimens of 
fluor spar provided in the box accompanying this work arc 
either a beautiful green or purple. But this mineral is met 



Fig. 57- 
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with in a variety of other tints, and even colourless. The 
specimen of calcite is colourless ; but this mineral also 
occurs of a brown, pink, and purple colour. In the case 
of salts crystallized from their solutions the colour is 
constant ; thus the copper sulphate crystal, and the crystal 
of nickel sulphate, have, as far as I know, the one only a 
blue and the other only a green colour. 

The colour of fluor spar is not permanent, for, when 
heated (see next experiment), the colour disappears ; the 
same is true of yellow topaz, and even amethyst. 

Associated metals often give characteristic colours. 
Thus, manganese gives a violet colour to calcite. Blende 
free from iron is colourless ; but when iron is present it 
produces in the mineral a brown or black colour. The 
violet colour of amethyst is said to be due to ferric acid. 

Phosphorescena , — Many minerals, and indeed many 
substances, when exposed to a bright light, and then carried 
into a dark room, give out light; the phenomenon generally 
lasts for so short a time that a special instrument (the 
phosphoroscope) is required in order to observe it. The 
diamond, ruby, and fluor spar are perhaps the most marked 
phosphorescent minerals. The phosphorescence of fluor 
spar when heated is easily observed. 

Phosphorescence is well seen in the so-called luminous 
paint, which consists of sulphides of the metals of the 
alkaline earths. What has been called Hell Fire Stone is 
a calcium carbonate. 'I'his stone when rubbed or scratched 
gives out a red line of light. It derives its name from the 
miners, who were astonished to And at a great depth in 
the earth a stone giving out Are when struck with their 
picks. 

Experiment. — Place one or two fragments of the fluor 
spar broken off in trying its cleavage, or the fragments 
supplied in the box, into a small test tube, and heat the 
tube over a Bunsen burner, or over the chimney of a 
burning paraffin lamp. The fragments soon give out an 
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extremely beautiful violet or greenish light, which 
can of course be seen best when the room is dark. Note that 
during the heating the colour of the fluor spar is destroyed. 

Fluorescence , — Hold a crystal of fluor spar in the sunlight, 
or expose it to the light of burning magnesium, and note 
the beautiful bloom which appears on the crystal. This 
bloom is due to the property which many substances have 
of altering the character of light incident upon them. Such 
substances are termed fluorescent^ and of these fluor spar 
is a marked example. Those who have taken quinine will 
have noticed a bloom in the solution when exposed to sun- 
light. The various paraflin oils used for illumination show 
also this property in a noticeable degree. 

The fluorescence is most marked when the fluorescent 
substance is viewed at right angles to the direction of the 
incident light. Thus, if the .sunlight is streaming horizon- 
tally from west to east, the* fluorescent crystal must be 
viewed from the north or south, or in a vertical plane 
passing through these points. 

Lustre . — When light falls upon a body, the portion of 
light reflected enables us to see the body, and the condition 
of the surface causes the peculiar appearance termed lustre. 
Now, as already stated, since the material of a crystal has 
different properties in different directions, we should expect* 
the lustre to be different on different faces of a crystal. 
Among the crystals in the box note, for example, with fluor 
spar, that the lustre of all the faces is glass-like, or vitreous. 
With gypsum the face b (cleavage plane) is pearly ^ while 
the faces / are vitreous, and the faces m are dull to vitreous. 
With the crystal of barytes, and also of calcite, the lustre 
generally will be recognised as vitreous, though, as already 
remarked, see page 14, the plane c of barytes has a pearly 
characteristic app>earance.* Other terms used in expressing 

* Two kinds of barytes crystals are supplied in the l>oxcs. The 
above description refers to one of the specimens. The other specimen 
corresponds to the model 8 of Plate IV. The face.s u are dull, while 
the fa^ m are bright and vitreous. Only one of the crystals will be 
found in each box. 
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lustre are metallic (galena, iron pyrites), adamantine 
(diamond, blende), resinous (idocrase, colophonite), silky 
(crocidolite), waxy (wax opal). 

The student who can visit the British Museum of Natural 
History should study the educational collection of minerals 
in the window-cases IL, III., and IV. of the mineral 
gallery. He will find there typical specimens illustrating 
physical characters of minerals. See also for further 
information “ An Introduction to the Study of Minerals, 
with a Guide to the Mineral Gallery,” by L. Fletcher, 
printed by order of the trustees of the British Museum ; 
price sixpence. 

Polarization phenomena , — To study the effect of crystals 
on polarized light requires a special instrument termed a 
polariscope. Microscopes are often fitted with a polarizing 
arrangement, and special instruments, unfortunately of an 
expensive character, are supplied by dealers in philosophical 
apparatus. Unless the student has access to a polariscope, 
he is advised to make for himself the following apparatus, 
which will at any rate show some of the phenomena very 
clearly. 

To Make a Cheap Polariscope. —Obtain from a 
glazier, or from a glass warehouse, three pieces of “ patent 
plate ” glass, or best window-glass, about one-sixteenth of 
an inch thick, or rather more. Two of these pieces should 
be four inches by seven inches, the other four inches 
square. A piece of silvered glass (looking glass), four 
inches square, will also be wanted. These materials will 
cost from sixpence to one shilling. 

Now get from a carpenter two pieces of deal, one piece 
six inches by inches and one inch thick, the other 4^ 
inches by 3^ inches and half an inch thick ; also four 
strips, each fifteen inches long, three-quarter inch wide, 
and half an inch thick. 

Mark off on each of the strips on the broad side, and in 
the central line indicated at A and B, in figure 58, two 
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points, as a guide for the insertion of nails or screws when 



Fi«. 5-- 

fitting the apparatus together. A at half an inch, and B 
at 2^ inches from one end. 

The side of the strip on which are the points A B may 
conveniently be called the outside. 

'Furn the laths completely oyer, and make saw cuts or 
grooves about one-eighth inch wide, and one-eighth inch 
deep, in the positions shown in figure on the insides of the 
strips; a at three inches, b at nine inches from the end e. 
Make also grooves x y on two of the laths, the angle b y x 
57**- If the distance b x \% inch, this will give 
about the required angle. 

Having prepared the laths as just described, fit the 
frame together by screws, as indicated in figure C. Plate II. ; 
the laths i and 4 being placed with their inside faces 
opposite to each other, the laths 2 and 3 also opposite. 
When the frame is thus fitted, slide the looking glass in the 
grooves a a. One of the pieces of glass, seven inches by four 
inches, slide in the grooves x y^ as shown at P of figure C. 
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Slidy the four inch square glass in the grooves b to form a 
table T, and place the remaining piece of glass so that one 
end rests on the table against the uprights 4 and 2, the 
other end being against the uprights i and 3, as shown at 
A in figure C, Plate II. The glass will then slope at about 
the required angle of 57*. 

The plain glass P is called the polarizer, while the piece 
A is called the analyser. It is an advantage to paint 
with black colour the back of the glass forming the 
analyser. 

To use the instrument place it on a table near a window, 
so as to let the light of the sky fall upon the mirror P 
(polarizer) somewhat in the direction of the dotted line Q 
P, and then look into the mirror A (analyser) from between 
the supports i, 3. Nothing special will be observed. But 
now place on to the stage, or table T, the film of mica 
supplied in the box of specimens, when, on tilting the film 
at various angles, a brilliant series of colours will be 
observed, or the mica may be placed on the silvered glass 
S, when the same phenomena will be observed. 

Introduce on to the stage T of the polariscope a piece of 
glass, when no difference will be observed, as is obvious, 
since glass itself is used as the material of the stage. If a 
slice of fluor spar, or of any transparent crystal of the regular 
system, be introduced on to the stage, its behaviour is the 
same as glass, that is. no change will be observed. But, 
with your penknife, cleave a very thin slice of gypsum, 
No. 2 in the box of specimens, and place it on the 
stage, when it will be noticed that looking into the 
analyser the slice is beautifully coloured, the various 
tints corresponding to different thicknesses of the slice. 
It will be found, too, that on turning the slice of 
gypsum round in its own plane, that there will be two 
positions in which all colour disappears, and two positions 
in which the colours are most brilliant. 
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Place on the table of the polariscope a pair of spectacles. 
If these are of glass no effect will be noticed, but if they 
are “ pebbles ” most likely a beautiful series of coloured 
rings will be seen when the plane of the pebble is slightly 
inclined. 

Put a piece of Russian glue on the table, when 
dark and light spaces will be noticed, and sometimes 
curves of colour. Not unfrequently a dark cross will be 
noticed, the arms of the cross being parallel to the lines on 
the glue, which mark the position of the strings which 
supported the glue when drying. 

The squares of “ concentrated jelly for table use,” sold 
by grocers, illustrate the effect of strain and stress. 

Take a cake of lemon jelly, place it on the stage of the 
polariscope, when no change is noticed; the jelly in fact 
being homogeneous behaves on the light just as glass 
would do. But now, while the cake is horizontal, press the 
sides with the thumb and finger, when the part pressed 
immediately becomes bright, and probably a series ol 
curves of colour are produced. The jelly as sold is often 
somewhat dull on the surface, so it is better to cut clean 
surfaces, which can easily be done with a dinner knife. 

Without entering into details, the general conclusion to 
be drawn from the experiments is that when a medium is 
homogeneous it has no action on polarized light, but if*the 
medium is under stress or strain, and thus has different 
elasticities in different directions, then it will affect the 
light. 

The home-made polariscope is scarcely sufficient to do 
more than enable the student who has not access to 
instruments to get some idea of the phenomena of polarized 
light. It may be useful perhaps to make a summary of the 
properties of crystals in relation to polarized light, though, 
until the student has had more experience, and extended 
his reading, he will perhaps not clearly understand the 
statements made. 
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Crystals of the cubic system, no matter at what incidence 
the light may fall, behave in all respects as a piece of glass, 
or jelly, or other isotropic medium. 

Crystals of the tetragonal and hexagonal systems behave 
to light as a piece of glass only when the rays are at 
perpendicular incidence to the o o i face of the tetragonal 
and the i i i face of the hexagonal. Thus, with nickel 
sulphate (see model, Plate III. N). light perpendicular to the 
face c passes through the crystal just as though it were 
made of green glass. Again, with calcite, if we grind and 
polish a face at right angles to the edge t of the prism (see 
figure 56), we have a face corresponding to the i i i plane, 
and light perpendicular to this plane passes through the 
crystal just as though it were of glass. I have italicised 
the* word perpendicular lest the student might imagine that 
if light fall at an oblique incidence on the face o o i of the 
tetragonal, or the i i i face of the rhomhohedral system, 
that in this case also the crystals would behave as glass. 

Optic axis . — A crystal which behaves like glass in one 
direction only is termed uniaxial, and this particular 
direction is termed the optic axis. A crystal which 
behaves like glass in two directions only is termed a biaxial 
crystal ; these two directions being those of the two optic 
axes of the crystal. In the direction of the optic axis there 
is no double refraction; in other directions double refraction 
takes place, and is the cause of the coloured phenomena 
observed when slices of crystals are placed on the stage of 
the polariscope. 

The model of the hexagonal prism, Plate IV., 8a, will be 
convenient here. Taking this model to represent any 
hexagonal crystal, then rays of light perpendicular to the 
face o pass through unchanged; in all other directions the 
light is doubly refracted. Hence, a direction perpendicular 
to 0 anywhere within the crystal is the optic axis. 
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In relation to polarization-phenomena crystals may be 
classified thus : — 

I. Showing no double 
refraction in any 
direction. 


'I'etragonal System. 
Hexagonal System. 


3. Showing no double 
refraction in two 
directions(see page 
88), biaxial. 

Heat and Crystalline Systems.— (i ) Radiation.— 
Crystals behave in relation to radiant heat much as they do 
to light, the heat rays being singly or doubly refracted 
according to direction. 

(ii.) Co?iduction . — Crystals of the regular system con- 
duct heat equally in all directions. 'Fhose of the tetragonal 
and hexagonal systems conduct heat in the direction of the 
optic axis at one rate, and in a plane at right angles to the 
optic axis at another rate. The crystals of the prismatic 
system conduct heat differently in the three directions of 
the three axes. In crystals of the oblique system the axes 
of conductivity are at right angles to each other, one is 
perpendicular to the o i o face, the others have various 
orientations in the plane of symmetry. In the anorthic 
system the axes of conductivity are various. 

Experiment. — Take the gypsum crystal (No. 2 in the 
box), or a thick slice of it, warm the o i o face (cleavage 
face), and rub over the w’armed face a piece of paraffin wax 
until the wax is melted evenly over the surface. Let this 


Ortho-rhombic System. 
Mono-symmetric System 
.'Vnorthir System. 


2. Showing no double 
refraction in one 
direction only (see 
page 88), uniaxial. 
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cool. When cold, take 



a red hot skewer, or the iron 
rod provided with the box of 
specimens, and press the point 
of the skewer against the face, as 
shown at figure 59, when the 
wax will melt; but it will be 
noticed that the melted wax 
forms an ellipse, as represented 
at abed of the figure. This 
shows that heat travels faster 
in the direction a b than in 
the direction c d (Senarmont’s 


experiment). 

(iii.) Expansion . — When glass or any other isotropic 
substance is heated, it expands equally in all directions. 
Fluor spar and other crystals of the regular system behave 
in this respect like glass. With crystals of the other 
systems, however, expansion takes place at a different rate 
in different directions. Thus, when a prism of calcite i-J 
warmed it lengthens in the direction of the optic axis, and 
actually contracts in a direction at right angles to this. It 
is interesting to note that though the angles of a crystal 
which shows unequal expansion are not equal at different 
temperatures, yet the law of rationality of indices (page 23) 
still holds. 

Relation to Electricity.— Certain hemihedral and 
hemimorphic crystals show electric properties during the 
time that they change from one temperature to another. 
Tourmaline has long been known to exhibit this property. 
During a rise of temperature one end of the crystal becomes 
positively and the other negatively electrified. That end 
which becomes positive during the heating is called the 
analogous pole^ the opposite pole (that which becomes 
negative on heating) is called the antilogous pole. 

Relation to Ma^etism. — A few minerals, of which 
magnetite is the most marked example, can become, like 
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steel, permanent magnets, showing attraction and repulsion. 
Magnetite, or loadstone, may have very powerful magnetic 
properties. It may be of interest to mention that at the 
New Museum, Oxford, the student may see a very fine 
example of a natural magnet or loadstone. 

A very remarkable relation between light and electricity 
was predicted by Clerk Maxwell, and his keen perception 
has since been confirmed. So far as we are concerned, it 
may be noticed that Maxwell considered that those bodies 
which conduct electricity freely were of necessity opaque, 
as, for example, with the metals which are the best 
conductors of electricity, and at the same time the most 
opaque of bodies. Now, crystals will transmit light more 
freely in some directions than others, and, in confirmation 
of Maxwell’s views, we find that the direction in which 
crystals absorb light most freely is the direction in which 
they conduct electricity most freely. Tourmaline, which 
absorbs light freely when it is propagated in a direction at 
right angles to the optic axis, also conducts electricity 
more freely in this direction, is a marked example. 
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64. 


Fig. 65. 









LESSON IX. 


Mero-symmetry, Hemihedrism, Hcmimorphism. 

From the preceding lessons it might be supposed that 
the only crystalline forms to be met with are those which can 
be placed under one or other of the six systems referred to 
in Lesson IL, page 17. There are, however, a multitude 
of crystals which, when their angles are measured, and a 
spherical projection made of the poles, cannot at first sight 
be classed in these systems. When we examine the 
matter more carefully, we find that striking out one or 
more of the planes of symmetry, and in some cases 
suppressing opposite planes or poles, that is, abolishing 
centro-symmetry, we can explain the discrepancy perfectly. 
Take in your hands the two models, Plate III., figure A, 
and Plate III., figure B. The first is a model of the four- 
faced cube, the second is a model of the pentagonal 
dodecahedron 7r{i2o}. Place them so that the faces 
and in each model correspond in position, and look 
at the two models, holding them so that the face ^ of each 
model is vertical, but a little lower than the level of the eye, 
and to the left of the point of sight, when, with a slight 
turning to the right or left, you will see that they correspond 
to the figures 60 and 62 respectively, the triangular face of 
the four-faced cube in the upper part of figure 60, marked 
with a circle, being while the pentagon of the pentagonal 
dodecahedron in the upper part of figure 62 is also and 
it is easy to see that the form of figure 62 is derived from 
figure 60 by leaving out the alternate faces, marked with 
dots, while a corresponding form, figure 63, is derived also 
from figure 60 by leaving out the alternate faces marked 
with circles. Make too a spherical projection of each of 
the forms of figures 62 and 63, as shown in figures 64 and 
65, and it will be observed that each projection has three 
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planes of symmetry at right angles to each other. Still this 
is not a form of the prismatic system, for, as will be 
remembered from Lesson VL, page 58, the • **fuir^ form of 
the prismatic system has only eight identical faces, whereas 
this has twelve identical faces. 

A form B, obtained by striking out alternate faces from 
a full form A, is termed a hemihedral form of A; the 
form A itself being called a holohedral form. In this class 
of hemihedral form, of which the pentagonal dodecahedron 
is a type, each face has an opposite or parallel face, and is 
styled a hemihedral form with parallel faces, and expressed 
symbolically as 7r{^ ^ The full form being ^ 

Take now the model of the octahedron, Plate III. D, 
and also the two models of the tetrahedron, Plate IV., 3 
and 4, and compare them. As with the four-faced cube, 
and the pentagonal dodecahedron, so here with the 
octahedron and tetrahedron we have a holohedral and 
hemihedral form. I'he tetrahedron being derived from the 
octahedron by the suppression of half of its faces, taken 
alternately, see figures 68 and 69, and spherical projection, 
figures 70 and 71. In the model of the octahedron we have 
the faces ^4» while in one of the tetra- 

hedra {x i i i}, figure 68, we have the faces 0 ^, 

while in the other x{T 7 7 }, figure 69, we have the faces ^1,^5, 
<74. The hemihedral form, as exemplified in the tetra- 
hedron, is, however, of a distinct kind from the one previously 
considered, inasmuch as the facw have no opposites. ^Ve 
have generally considered that a face must of necessity 
have a face parallel to it — small it may be, still that it must 
be there. We see, however, that in the form now under 
discussion this is not the case. 

• The Greek leller T(Pi) is the initial of the Greek ' 
parallel, while the Greek letter x (kappa), referred to later on, is the 
initial of the Greek word from which the word inclitu may be 

traced. 
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Fin. 63. 


Fig. 69. 
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Suppose we have two tetrahedra, as indeed we have 
with boracite, the physical properties of the faces of 
each tetrahedron being different — one rough, the other 
bright, for example. Then, though we may combine 
these to produce the octahedron so far as shape is 
concerned, yet the crystal obtained will really be made up 
of two forms, and not one, as it would be if we had the 
octahedron simply. Thus we can imagine, and indeed we 
might have, an octahedron of boracite corresponding in 
form to the model of the octahedron or to figure 66, but 
in which the faces Oi, are bright, while the faces 

0,^ 0^ are dull. 

The tetrahedron is an example of hemihedrism with 
inclined faceSy represented in symbols by k { i i i } and 
K {iTT}, the two forms positive and negative being 
indicated by positive and negative indices. 

The chemical student will be interested in the two 
tetrahedra (Plate IV., 3 and 4), which are marked to 
illustrate van’t Hoff’s hypothesis as to the nature of the 
asymmetric carbon atom. The tetrahedron #c { i 1 i } and 
the tetrahedron #c{TTI}, it will be noticed, have each 
crystallographically one plane of symmetry, but if we 
consider each of the four solid angles to be points of 
attachment, and consider these points of attachment to be 
of the same character in each tetrahedron, but differently 
placed, as shown by the dots, triangles, circles, and crosses 
at the four corners of the model, then as regards these points 
of attachment there is no symmetry, and we have the idea of 
the asymmetric carbon atom. It will be noticed that we 
cannot by any movement make the triangles, crosses, and 
dots occupy the same position in space in the one model 
as in the other. For the advantage of this hypothesis in 
explaining and predicting isomers, reference must be made 
to van’t HofTs Chemistry in Spaccy Clarendon Press, or to 
books on organic chemistry. 
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Other systems than the regular have hemihedral forms, 
but reference will only be made to the ortho rhombic 
system. In studying this subject the student should have 
before him models i, 2, 5, 6, 7, and 7A of Plate IV. 

The general form of the prismatic system is thatof figure 7 2, 
or Plate I model i. Sup- 
press the faces Px^ Pti 
of figure 72 (c.j, s,, 2, on 

model), and we have the 
sphenoid with the faces 
>a./4 figure 73A1 (Cj, 

2a» S4 of model of Plate IV., 
2). It is obvious that a 
second sphenoid with faces 
/’h» Pi would be 
obtained by suppressing the 
faces Pi, p-M Pit as shown 




in figure 73Bj. 
These forms, as 
the student might 
judge, would be 
described as 
hemihedral with 
inclined faces, but 
we may now 
introduce a new 
term applied to 
these forms, viz.: 
enantimorphous. 

With such forms 
we cannot by 
rotation about an 
axis bring the one 
form to coincide 
with the other ; 


Fig. 73. 
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but we can, by placing the one form in front of a looking- 
glass, obtain the other form by reflection, as the student 
may verify on trial with the models, Plate IV., 2 and 7A. 

Make spherical projections of the two sphenoids referred 
to in the preceding paragraph, figure 73, A ^ and 
It would seem at first sight that rotating Ba through 
180“ about the axis marked by a dotted line that we should 
have the figure Ag, whereas the effect of the rotation will 
be to make the dots and in their new positions into 
circles occupying the position of the original circles of Bg, 
and the circles will become 
dots occupying the position of 
the original dots. Again, if we 
try rotation round the vertical 
axis, we shall see that we can 
only reproduce theoriginal figure. 
However, placing B^ in front of 
a looking-glass, the reflection will 
have the appearance of A 3. 
These sphenoids and generally 
asymmetric forms ha ve thesymbol 
tt [h k /}, the Greek letter a 
(Alpha) suggesting the word 
Fig. 74« asymmetric. 

Another form may be derived 
from the general form of figure 
72 by suppressing one plane of 
symmetry, the plane of the paper 
for example, when we have the 
upper pyramid only. 

Forms of this kind are called 
hemimorphic, 

l lg. 74<>. 

Figure 74 a is a drawing after Groth of a crystal 
of Smithsonite, and below it a rough spherical 
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projection of the same crystal. From the drawing and 
projections it will be seen that the forms a * { i 00} 
6~{oio}, /={iio} are holohedral, while the forms 
<- = a{o O 1}, 0-a {i I i}, {o I l}, /-a {3 1 o}. 

r=a{ioij, r ^ a. {301} are hemimorphic. 

Some terms introduced by Professor Maskelync in 
connection with mero-symmetry may not inappropriately 
be introduced here. 

With any face of a crystal we may imagine a line at right 
angles to the face. This line is termed a normal. 

In forms with parallel faces there is a face at each end of 
the normal. In these cases centro-symmetry is present, 
and the form is said to be diplohedral. 

If the faces of the form have no opposite, that is, if 
centro-symmetry is absent, the form is said to be haplo- 
hedral. Each normal carrying but one face. 

A holO'Systematic form is one in which all normals due to 
the symmetry of the system are present, and each normal 
carries two faces, one at either end. 

A hemi-systematic form is one in which only one-half the 
normals are extant. 

These terms will be rendered clear by pointing out that: — 

The forms, figures 60 (page 92) and 72 (page 97), are 
each holo-systematic and diplohedral. 

The forms, figures 62 and 63 (page 92), are each hemi- 
systematic and diplohedral. 

The forms, figures 68 and 69 (page 95), are each holo- 
systematic and haplohedral. Holo-systematic because all 
the normals of the full form (the octahedron) are present. 
Haplohedral because the normals carry only one face. 

The forms, figures 73A^ and 73Aa (page 97), are also 
holo-systematic and haplohedral. They are asymmetric, 
as there is no plane of symmetry. 

The forms c, Oy q\ r, of figure 74^1 (page 98), are 
holo-systematic and haplohedral; but there are two planes 
of symmetry present in these forms. 
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EXERCISES. 

91. Make a spherical projection of the holohedral form {2 i 1} ot 
the regular system, and now, by striking out alternate groups oi 
three poles in each octant, obtain one of the two hemihedral forms. 
Should these forms be written as ir {2 I 1} or /c {2 i 1} ? 

92. Make a spherical projection of the holohedral form {221} of 
the regular system, and now, by striking out alternate groups of three 
faces in each octant, obtain the two hemihedral forms. .Should these 
be written as ir {2 2 i } or {2 2 l } ? 

93. The annexed figure represents a form of the cubic system. 
The face w has the symbol 321, the 
face V the symbt)! 231, and u the 
syrnbr)! 123, A, B, C being the 
j>ositions of 100, 010, and 001 
jK>les respectively. Make a spherical 
projection of the form, and say from 
what holohedral form it is derived ; 
further say whether it has inclined 
or parallel faces. 

94. Make a spherical projection representing the following forms 
on a crystal of the prismatic system {too}, {o I oj, {00 1 }, {i I i}. 
Also make a projection of the same crystal when each of the forms 
{100$, {o I oU joo l| is hcmimorphic. 

95. Make a spherical projection of the crystal of exercise 94, but in 
which the form i i i is hemihedral, while the other forms are 
holohedral. 

96. Turn over to pages 62 and 63, and say, in reference to the 
figures — 

1 . Are they all holohedral ? 

2. Are they all holo-systematic ? 

3. How many normals and how many faces has each figure? 

4. Are these forms diplohedral or haplohedral ? 
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MINERAL CLASSIFICATION 

AND 

DETERMINATION OF MINERALS 

HY THKIR 

EXTERNAL CHA RACTERS, 

AND 15V THE USE OF 

THE HLOWl’lIM-:. 


When a mincrail is placed in the hands of a student for 
identification, it may happen that it is at once recognised, 
just as we might recognise a Hindoo or a Chinese from 
peculiar traits we have observed in the few natives we have 
seen, or from pictures in books. A mineral species, 
however, will exist under such a variety of forms that, 
without wide experience, it becomes necessary to try the 
specimen in various ways, and see that its characters 
coincide with the recorded characters of the species. 

An extremely valuable method by which to exercise the 
student in the determination of minerals is that adopted 
in Professor Groth’s laboratory. A collection of minerals 
is arranged in glass cases, well exposed to view, and 
correctly labelled. A set of duplicates, but w’ithout 
arrangement, is placed in drawers to which the student has 
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access. A drawer is taken to the workroom, and the 
various specimens are determined in succession. To check 
his conclusions, the student at once goes to the labelled 
collection, when he will find out whether he is right or not. 

In an attempt to become acquainted with minerals, it 
will, I think, be an advantage if the student in the first 
place confines himself to a limited number of the more 
important species. To assist him in this work he will find 
following these remarks 

1. A list of one hundred minerals classified according 

to a natural system with the crystalline system 
and chemical formula of each mineral. 

2. The same one hundred minerals arranged accord- 

ing to external characters, after the method of 
Dr, Albin Weisbach. 

3. Instructions for the examination of minerals by 

the blowpipe. 

In the general classification I have followed the arrange- 
ment adopted in the mineral gallery of the British Museum, 
as set out in Mr. Fletcher’s valuable guide. See page 84. 

In the tables for the determination of minerals by their 
external characters, the method of Dr. Albin Weisbach, as 
adopted in his “ TabtUen zur Besiimmuttg dtr Mintralien 
mitteis dusseren Kennzeichen^' (Leipzig Arthur Felix), has 
been followed; but the tables are confined to the one 
hundred minerals of the classified list. 

As regards blowpipe determinations, no tabular scheme 
is given, as I believe it will be better for the student to 
make himself thoroughly acquainted with the reactions of 
the elementar)’ bodies by examination of known minerals, 
when he will be well qualified to determine the constituents 
of an unknown mineral. Where blowpipe characters of 
the mineral as a whole are characteristic, a hint or two 
is given with the tables of external character. 



Method to be adopted in Examining: an Unknown 
Mineral. 


Take up the specimen supplied to you and decide 
clearly in your own mind 

1. The lustre. 

2. The colour. 

3. The hardness. 

4. The streak. 

Then consult the following index to Weishach’s table, and 
turn to the re(juired section, where you will find remaining 
characters supplied. 

You must bear in mind that weathering, tarnish, and 
accidental circumstances, may give a false idea as to the 
lustre or other properties of a mineral, and it is impossible 
in the tables to provide for every condition in which a 
mineral species may present itself in nature. 

Index to Weisbach’s Table, page 113. 


I. 


Metam.ic 

ST RE 


1. Red, p. 1 13. 

2. \'cIl()W, p. 113. 

3. White, p. 1 1 5. 


4. (Irey, p. 115. 

5. Hlack, j). 1 1 7. 


II. Sun- fi. 
Metam.ic - 2 . 
Lusirk (3. 


III. Colour, j *' 
LESS Streak I ' 


Black .Streak, p. 1 19. 4. Yellow .Streak, p. 123. 

Brown Streak, p. 1 19. 5. (Jreen .Streak, p. 125. 

Ketl .Streak, p. 123. 6. Blue Streak, p. 125. 

Very Soft, p. 127. 4. Hard, n. 135. 

Soft, ]i. 129. 5. Very Hard, p. 137. 

Medium Hardness, p. 133. 


Having determineil the mineral by external characters, 
you may now proceed to confirm the determination by 
blowpipe tests. Full instructions for this course are given 
commencing at page 150. 

In reference to blowpipe work, I would particularly 
insist upon the student becoming thoroughly familiar with 
the tests as described at pages 140-150 before proceeding 
to examine an unknown mineral. 

When the mineral has been determined reference should 
be made to the classified list of minerals, page 107, in 
order to learn its formula, and to see its position in the 
series. 

The student will, if possible, check his results by 
reference to a labelled collection. See remarks, page loi. 

The following index to minerals mentioned in this 
appendix will be useful. 



Index to Names of Minerals mentioned in the 
Appendix. 

Noip.-C refers to mineral clas.sificalion, page 107 * 

W refers to Wei.sbach’s table, page 113. 

B refers to blowpipe cour.se, page 153. 

Names with asterisks are synonymes generally to be foiiml in the fo(*tnotes 
to Weisbach’s table. 


1 

c. 

\v. 

It. 

c. 

w. ». 

Actinolite 

109 i 

«34 

' Bleiglanz* 


II6 

Atlularia* 

... i 

*35 

153, 154' Blende 

107 

118.122 155 

Agate 

loS 


Il ,, 


130 

Alaba.slcr* 


126 

! Hog manganese 


119 

Albite 

i 


*55 i Boracite 

in 

'38 *53 

Allophane 



*53 ; Borax 

III 

*26 153**55 

Alum -stone* ... 


130 

153, 154;; Bornite* 


112 

Alunilc 

11 1 

*30 

153, 155 1 Bournonite 

107 

** 6,117 » 53.*54 

Almanfline 


*36 

|| »f 


*55 

Amazon-stone* 


*35 

jl Brochantite ... 


*54 

Amphibole 

109 

120, 122 

Bronzite* 


*34 

,, 


124 

Brown 



Analcime 

no 

*34 

155 1 hivmalite* 

... 

120 

Andalusite 

109 

*38 

153 ' Brown spar* .. 


132 

Anglesitc 

111 

128 

154 1 Brucite ... 


*26 154**55 

Anhydrite 

III 

128 

... 



Anorlhite 

no 

136 

iCalcite 

108 

128 153 

Antimonile* .. 


*‘5 

■ Calamine 

108 

*32 * 53**55 

Apatite 

III 

*32 

‘ 53 * *54 iCarnallite 


*55 

A^xiphyllite ... 

109 

132 

* 53 » ‘S 5 'i Carnelian 

108 

j 

Aragonite 

108 

130 

J 153 Cassiteiite 

108 

120,123! 155 

Arsenic 

107 

114, n( 

j 153 1 Celcsline 

n t 

128 155 

Arsenical 



1 : Ceru.ssite 

108 

*30 > 53**54 

pyrites* 


114 

] ... ! Chabazilc 


*55 

Asbestos 

*09 i 

126 

1 . i.Ch.ilcedony . . 

loS 


Alacamite 

108 i 

i *24 

* 54 . *55 Cbalcoi*yrite* . 


112 

Augite 

109 

125,134' ... ; Chalcotrichite* 


122 ! ... 

Axinite 

no 

*36 

Chalybile 

108 

*32 *53**54 

Azurite* 


*25 

Chalko.sin* * ... 

1 16 





iChessylite 

108 

124 * 53. *54 

Barytes 

in 

128 

*53 i t hiastoliie* ... 


,38 

Baryto-calcite... 

... 


*53 ’ Chri.slophil* .. 

! 


Basaltic- 



‘ Chrysocolla 


*54 

hornblende* 


120 

Chrysolite* ... 


136 

Bcauxite 


... 

*54 ::Chrysoiilc* ... 


126,131 

Beryl 

no 

*38 

; Cinnalwr 

1 * 07 ; 

122 154**55 

Biotite 


127 

: Cobaltite 

1 *07 

! **4 * 53**55 

Bismuthite 


... 

' 153 Cinnamon-.slonel no 

i 

Bitter sfiar* ... 


*32 

154 Copi^er 

107 

**2 *54 
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^ 0 $ 



c. 

W. H. 


c. 

w. 

». 

Copper glance 

107 

116 154.155 

Jasper 

108 



Copper pyrites 

107 

112 154, «55 

Jasper opal* ... 


120 


Corundum 

I io 8 

138 153 





Cryolite 

io 8 

128 153.154 

Kaolin 



*53 

f> 


*55 

Karstenite* ... 


128 


Cuprite 


122 154 

Kieseliinkerr* 


132 





Kieseritc 

111 

128 

*55 

Dark -red 



Kupfer la/.ure* 


*25 


silver ore* 


116 

Kupfernickel* 


112 

*53.154 

Desmin 


130 

Kupferkies* 


112 


Diamond 

107 

138 153 





Diopside 

109 

134 

Labradoiile ... 

no 

136 

155 

Dolomite 

io8 

132 153.154 

Leucite 

1 10 

134 

* 53. *55 




Lievrite 



*54 

Eisenkiesel* ... 

... 

120 

Light-red 




Emerald* 

... 

138 

.silver ore* 




Emery* 


139 

Limonite 

108 

Z20, 122 

*54.155 

Enstatite 

109 

134 

Lolingite 



*54 

Epidote 

109 

136 





Erubescite 

107 

112 154.155 

Magnesia mica 


127 


Essonite 

no 


Magnesite 

i'o8 

132 

* 53. *54 




Magnetic iron 




Fahlerz* 


116 

ore* 


118 


Feldspar 

1 10 

153 

Magnetite 

108 

118 

*54 

Fluor spar 

108 

130 153.154 

Magnetic jjyritcs 

107 

112 


Franklinile ...| 

108 

118 154,155 

Malachite 

108 

124 

* 53. *54 




; Manganite 

108 

1 16 


Galena 

107 

116,117 154,155 

Marcasite 

107 

1 12 

*54.155 

Galenite* 

... 

116 

Meerschaum ... 

109 

126 


Garnet 

no 

136 

Melantcrite 



*54 

Gold ; 

107 ' 

112 

Menaccanitc*... 


118 


Gothite 1 

108 i 

120,1221154.155 

Mercury 

107 

114 : 

*54 

Graphite | 

107 

116 1 153 

Mesotype* 


*33 i 


Grey copper ore *1 

... 1 

ilb I153.154 

Microcline* j 

1 10 

134 

... 

Grossularite* ...i 

no ! 

136 1 ... 

Mimetite 1 

in 

130 

*54 

Gypsum 

till 

126 |i 53 . 155 

Misi)ickel ...j 

107 

114,116^ 

* 53. *54 

, 

1 


...' 



*55 

llarmatite 

108 1 

n6, 118 154 

Molylxlenite ...1 

107 

114 

* 54, *55 

Halite* 

... i 


Moon.stone ...! 





127 ! ... 

Mundic* ' 


114 


Heavy spar* 


128 

Muscovite 

1 10 

126 

*54 

Hornblende 

109 1 

125,134 ... 

1 




Hornstone 

108 


Natrolite 

1 10 

132 

*55 

Hyacinth* ...! 


139 

Niccolite* 


112 


: 



Nickeline ...i 

107 

112 

* 53 . *54 

Idocrase ' 

109 

136 





Ilmenite 

108 

118 i ... 

Olivine 1 

109 

*36 

*54 

Iron pyrites .. 


113 | 154 , 155 

Opal ' 

108 

120, 122 





»» j 

Orpiment ...1 


132 


Jargon* 

... ! 

139 ! ... 

107 

122 

* 53. *59 
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Index to Names of MimYLSis— Continued. 



c. 

w. 

B. 


C. 

w. 

B. 

Orthoclase ... 

no 

*34 


Smaltitc* 

107 

**4 

*53 

Ouvwroviie* ... 


136 


Smithsonite* ... 


132 

*55 




Soapstone* ..... 


126 

Pearl spar* ... 


*32 


Sodalite 

... 


*55 

Peridot* 


136 


Spathose iron* 


*32 

' 53. *54 

Picotite 

... 

120 


Specular iron 




Platinum 

107 

114 


ore* 


1*7 

... 

Prehnite 



*55 

Spciskobalt* ... 


1*4 


Proustite 

107 

122 

*53 . *54 

Spinelle 

120,125 

*54 

Psilomelane ... 



*55 

Steatite* 


126 


108 

118, 119 

>54.155 

Stibnite 

107 

114, 116 

*53. *55 

Pyrarcyrite ... 

107 

116, 117 

>53. >54 

Stilbite 

no 

*30 

'55 

,, 


122 

*55 

Stronlianile ... 

108 

130 

* 53**55 

Pyramidal 



Sulphur 

107 

122 

*55 

garnet 

... 

*37 


Sylvite 

108 

126 

*54 

Pyrites 

107 

112 

... 





Pyrolusite 

108 

114 

*54 

Talc 

109 

126 

*53 

Pyromorphitc.. 

III 

128 

*54 

,, 

127 

... 

... 

Pyrope* 

no 

136 

1 

Tetrahedrite ... 

*07 

116, 119 

* 53**54 

Pyrrhotine* ... 

... 

112 


„ 



*55 

Pyroxene 

109 

124 


Tincal* 


127 





Tin-white cobalt 

... 

114 


Quartz 

108 

120, 123 


Tin stone* 
Titaniferous 


121 


Realgar 

|I 07 

122 

*53. *55 

iron ore* 


"0 


Red iron ore*... 

I - 

117, 122 


Topaz 

109 

138 

*54 

Reddle* 


**7 


Tourmaline ... 

no 

136 


Redruthite* ... 


116 


Towanile* 

; 

112 


Remoliniie* ... 

i 

124 


Tremolite 

109 

‘ *34 


Rock salt* 


127 


Turquoise 

III 

*34 


Ruby 

... 

139 






Ruby copper*... 


122 


Vesuvian* 


*37 


Rutile 

108 

116, 117 


Vivianite 

in 

124 

*54*155 

1 * 


*23 


Wad 

108 

118 


Salt 

108 

126 

*55 i 

Wavellile 

in 

128 

* 53, *54 

Sapphire* 
Schorl* 


*39 

*37 

... 

Websterite 



*55 

153 

Selenite* 


126 


Wheel ore* ... 


116 

Sepiolite 


127 


White iron 




Serpentine ... 

i 109 

130.13* 

* 54.155 

pyrites* 


**3 


Serpentine 



Witherite 

i^ 

*30 

*53 

asbestos 


126 


Wolfram 

no 

120 

* 54, *55 

Siderite* 

... 

*32 





Silver 

107 

1*4 

* 54. *55 

Zircon 

108 

*38 


Silver glance ... 



* 54 , *55 
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One Hundred Minerals, with the orystalllne 
system and chemical formula of each, classified 
according: to the system adopted in the British 
Museum (Natural History). 

Noth. — The crystalline system is indicated by numl)ers following 
the names of the minerals. Thus “arsenic*,” “sulphur*,” 
imply that arsenic crystallizes in the hexagonal system, 
while sulphur crystallizes in the ortho-rhombic system. See 
index to numbers at foot of each page. The formula: of the 
more comidex minerals are from Groth’s Tabellarische 
Ubersicht der Mineralieu, 


DIVISION I. 

Copper” Cu. 
Platinum” Pt. 

Sulphur® S 


Nativk Ei.emknts. 

Section i. Metals. 

Silver” Ag. (iold” An. 

Mercury” Hg. .Arsenic* As. 

Section 2. Non-Metals. 

Diamond” C (Irapliile* C. 


DIVISION II. Metals with Arsenic ani> Sulchuk. 
Section i. Arsenides. 

Nickeline* NiAs. Smaltile” CoAs,^. 

Section 2. Sulphides. 

(a) Blende® ZnS. Galena” PbS. Copper Glance® Cil^S. 
Cinnabar* HgS. 

(b) Pyrites® FeSg. Marcasite® FeSg. Molybdenite* MoSg- 
Realgar® ASjSg. 

(c) Stibnite® SbgSg. Orpiment® A-s^S^. 

Section 3. Arseno-sulphides. 

Cobaltite® CoS As. Mispickel® FeSAs. 

Section 4. Sulphur Salts. 

Magnetic pyrites* Fe^S^,. Erubescite® FeCujSg. 

Copper pyrites® CuFeSg. Tetrahedrite® Cu^SbaS^. 

Bournonite® CuPbSbSg. Pyrargyrite* AggShS*. 

Proustite* AggAsSg. 

l=:Anorthic. 3 «= Ortho-rhombic. 5 = Tetragonal. 

2 s Mono-symmetric. 4= Hexagonal. 6= Cubic. 
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Mineral Classification. 


DIVISION III. Chlorides and Fluorides. 

(1) Sylvite® KCl. Salt® NaCl. Fluorspar® CaFg. 

(2) Cryolite’ 3NaF',AlF3. 

DIVISION IV. Compounds of Oxygen. 

Section i. Oxides, 

(i) Oxychlorides. Atacamite® [Cu(HO)2]8CuCl2. 

Monoxides. Cuprite® CugO. Brucite® Mg(HO)2. 
Epitrit-oxides. Spinelle® MgOjAlgOy. 

Franklinite® (FeMnZn)0,Fe203. 
Magnetite® FeOjFe.^Og. 

Sesguioxides. Corundum* (Ruby, Sapphire) Al^O,. 

Ilmenite* (FeTi)o03. 

Haematite^ (Specular Iron 0re)Fe203. 
Gothite® Fe203,H20. 

Manganite® Mn^Og, 11 .^ 0 . 

Limonite 2Fe20y,3H20. 

Psilomclanc and Wad are manganese oxides containing water, 
also a variety of metals, barium, potassium, &c. 

Dioxides. Pyrolusite® MnOg. Cassiterite^SnOg. 

Zircon® ZrSiO^. Rutile® TiOg- 
Quartz* SiOg. 

Varieties of (Quartz are Jasper, Hornstone, Chalcedony, 
Agate, Carnelian, Op.al. 

Section 2. Oxygen Salts. 

a. Carbonates. 

Aragonite® CaCOy. Witherite® BaCOg. 

Strontianite® SrCO.,. Cerrusite® PbCOg. 

Calcite* CaCO,,. Magnesite* MgCOg. 

Dolomite* (CaMg)C03. Chalybite* FeCOg. 
Calamine* ZnCOg, 

Chessylite® (CuC03)a,Cu(H0)2. 

Malachite® CuC03,Cu(H0)2. 

1 = Anorthic. 3 = Ortho-rhombic. 5 = Tetragonal. 

2 = Mono-symmetric. 4 = Hexagonal. 6 = Cubic. 
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6. Silicates. 

Monoxides. 

a Orthosilicates. 

Olivine* (MgFe)2Si04. 

^ Metasilicates. 

Enstatite* MgSiOa- 

Pyroxene* RSiOg (R = Ca,Mg,Fe, &c.) 
Amphibole* RSiOg (R = Ca,Mg,Fe, &c.) 


Pyroxene is a general term rather than special. The follow- 
ing are the names of two varieties : — Diopside CaMgSi^O,,, 
Augite (MgFe) CaSi SiO^, (MgFe) (AlFe), SiO^ ((iri>th)- 

Amphibole, like Pyroxene, is a general term ; varieties are 
Actinolite (MgFe)3 CaSi^Oj^ ; Tremolite Mg;,CaSi^()j ; 
Asbestos, Hornblende (MgFel^CaMgSia SijO, 3, (MgFe 
(AlFe)4Si30j3 (Groth). 

a and fi hydrated. 

Talc® HaMggSi^Oia- 
Meerschaum H^Mg.^SigOjo* 

Serpentine H^(MgFe)3Si20„. 

Apophyllite® H7KCa^(Si03)H4iHaO (Groth). 

Sesquioxides. 

Basic silicates. 


lopaz |Ai^AlO)SiO, 
Andalusite* Al(A10)Si04. 


Mixed oxides. 


Basic silicates. 

Idocrase* HaCagAl^Si^O^y- 
Epidote^ Ca2Al3(HO)(SiO 


IssAnorlhic. 3 = Ortho-rhombic. 5 = Tetragonal. 

2 « Mono-symmetric. 4=* Hexagonal. 6 = Cubic. 
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Mineral Classification. 


Orthosilicates, 

Garnet* CaaAla(SiO^)3. 

Garnet may be regarded as a general term. Common garnet 
occurring in schist is iron alumina garnet with small 
percentage of Mg, Mn, and Ca. Grossularite Cagl AlFe), 
(8104)3. Essonite or Cinnamon Stone (CaFe)sAl, 
(SiO^la. Pyrope (MgFeCa)3Ala(Si04),. 

Acid orthosilicates. 

Muscovite® (KNa)H„Al3 (8104)3. 

Metasilicates. 

Leucite® KAl(SiOa)2. 

Beryl* Be8Al2(SiOa)e. 

Poly silicates. 

Felspar R^R'^SiaOn. 

Felspar is a general term. Orthoclase* (KNa)AlSiaOH. 
Mictocline' (KNajAlSi.Og. Labrado'ile' jcaAlAlll’o' 
Anorthite' CaAlaSi^Oe. 

Zeolites with mixed oxides. 

Basic metasilicates. 

Natrolite* NaaAlA10(Si03)a,2Ha0. 

Normal metasilicates, 

Analcime* NaAl(Si08)2,Ha0. 

Poly silicates. 

Stilbite«(CaNaaK2)AlaSia0ie»6H20. 

Silicates with Borates. 

Tourmaline* (R'2R")Al(B0)[(Al0H)Si04l2. 
Axinite^ H(CaFe)3AlaB(Si04)4. 

c. Molybdates and Tungstates. 

Wolfram® (MnFe)W04. 

i=Anorthic. 3= Ortho-rhombic. 5 = Tetragonal, 

a = Mono-symmetric. 4 = Hexagonal. 6 = Cubic. 
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d. Sulphates, 

a Anhydrous. 

Anhydrite® CaS04. Celestine® SrSO^. 
Barytes® BaSO^. Anglesite® PbS04. 

P Hydrated. 

Gypsum® CaSO^jaHjjO. 

Kieserite® MgSO^jH^O. 

Alunite* K(A10)8(S04)2.3Ha0. 

e. Borates. 

P Hydrated. 

Borax® NajHaBaOsiQRaO. 
y with Chlorine. 

Boracite*’ Mg^CLBi^Og^. 

f. Nitrates. 

g. Phosphates^ Arsenates. 

Vivianite® Fe8(P04)a,8H20. 

Wavellite® Alg(H0)e(P04)4,9H20. 
Turquoise Ala(HO)8P04,HaO. 
Apatite* Ca5(Cl or F)(P04)3. 
Pyromorphite* Pb5Cl(P04)3. 

Mimetite* PbgCKAsO^);,. 


isAnorthic. 3 ** Ortho-rhombic. 5 ■■Tetragonal. 

2 Mono-symmetric. 4= Hexagonal. 6=: Cubic. 
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One Hundred Minerals arranged to assist 

Dr. AIbu 

I.— MINERALS WITH 


1. RED. 


No. 

Name. 

Hardness. 

Colour. 

Streak, j 

Specific | 

Gravity. I 

1 

Tenaciiv 

1 

Cop|)er^ 1 

Copper-red 

Copper-red { 

8-5 -8-9 1 

1 

Malleable 

2* 

Erubesclte 

H = 3i 

Between copper - 
red and 
brass-yellow 

Black 

4-9-5-1 

Brittle 

3* 

Nickeline 

H=:6i 

Light copper-red 
Bronze-yellow 

Brownish - 
black 

7-2- 7-8 

Brittle 





2. YELLOW. 

4 

Gold 

H = 2i 

Gold-yellow 

Gold-yellow 

14 6 -191 

Malleable 

6* 

Copper 

Pyrites 
11 = 4 

Brass-yellow 

Greenish - 
black 

4-2 

Brittle 

i 

6* 

Masrnetlc 

Pyrites 

H = 4i 

Bronze-yellow 

Black 

3-8 

Brittle 


Harcasite 

H = 6 

Greenish -yellow 
Sometimes 
brown tarnish 

Black 

4-6 

Brittle 

8* 

Pyrites 

H=6 

Greenish -yellow 

Brown-black 

4-9-61 

Brittle 


2*. Bornite, purple copper ore. A fresh fracture 

tarnishes in moist air to r^, violet, blue. On charcoal magnetic 
residue. 

3*. Synonymes. Kupfernickel, Niccolite. Seldom crystals. Grey or 
blackish tarnish on exposure. 

6*. Synonymes, Chalcopyrite, touranite, kupferkies. 

6*. Synonyme. Pyrrhotine, Feebly magnetic. 




[udents in their determination by the method of 
^eisbach. 

METALLIC LUSTRE. 

*urple, blue, grey from tarnish. See notes). Index page 103. 


System. 

Cleavage. 

Occurrence. 

Fracture. 

Associated 

Minerals. 

Cubic 

Massive 
Di.sseminated 
Plates, flakes 
Filiform 

1 lackly 

Cuprite 

Malachite 

C()i>per pyrites 
Copper glance 

Cubic 

111 traces 

Massive 

.Small conchoidal Copper pyrites 

1 Malachite, Ac. 

* Hexagonal 

Massive 

Hisseminated 

Conchoidal 

U neven 

Smaltite 

Arsenic 

Harytes, fluor, iS:c. 

eealso EPUbeSClte, No. 2 .) 



Cubic 

Disseminated 

Mas.sive 

Plates, flakes 


Pyrites, (juartz 
blende, galena 
Mispickel 

Stibnile 

• Tetragonal 

201 perfect 

Mas.sive 

Dis.'cminated 

Fine-grained 

Malachite 

Itornite 
(ialcna, &c. 

* Hexagonal 

111 perfect 

2 1 i less ]>er. 

Mas.>ive 

Disseminated 

C<*mpact 

1 

Iron pyrites 

Copper i>yrites 
Galena, blende, &c. 

’* Ortho-rhombic 
110 distinct 

Keniform 

Massive 

Fibrous 

Fine-grained 

Compact 

Pyrites, blende 
(ialena 

Mispickel 

1* Cubic 
. 100; 111 

I not distinct 

Keniform 

No<lular 

Massive 

Disseminated 

Conchoidal 

('ompact 

Fibrous 

Gal'-na 

blende 

Mispickel, A'c 


7 *. Symnyme. White iron pyrites I’alcr than pyrites. Emits smell 
of sulphur when pounded. Oxidises to sulptmte more readily 
than pyrites Occurs in chalk, clay, coal, kz. 

8*. SytmiytHC. Iron pyrites. Smell of sulphur when pounded. 
Cubic faces often .striated. 



MINERALS WITH 

a WHITE. 
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No. 

Name. I 

HARr)NRSS. ^ 

1 

Colour. 

Streak. ' 

1 

Specific 

Gravity. 

Tenactiy. 

9 

Mercury ! 

White 

j 

13'6 


10 

Silver 1 

11=21 ‘ 

Silver-white 

Silver-while 

10-11 1 

1 

Malleable 

11 

Platinum 

n=4i 

Silver-white 

Silver-while 

18-9 

1 Malleable 

12* 

Arsenic 

H = 4i 

Tin-white to 
lead-grey 

(ireyish- 

black 1 

hn-b'% 

Brittle 

13* 

Smaltite 

H-6 

Tin-white 

Gfcy 

6-5 -6*6 

Brittle 

14 

Cobaltlte 

H=5i 

Reddish silver- 
white 

[ Greyish - 
i black ! 

i 

61 -6*3 

Brittle 

16* 

Mispiokel 

H = 6i 

Tin-while 

1 

Grey-black 

7-7-5 

1 Brittle 





4. 

GREY. 

16* 

Molybdenite 

H = li 

Reddish lead- 
grey 

Bluish-grey j 

4-6 -4*6 

Sectile to 
flexible 

17* 

Pyroluslte 

H=2 

Between dark 
steel-grey and 
iron-black 

Black 

4-7-S 

Sectile to 
, brittle 

18 * 

( Stibnite 

H=2i 

l./ead-grey 

Grey-black 

4t-4-7 

1 >ectile 

1 


12*. After exposure to air greyish black. Crystals seldom. 

13*. Symmymes. Tin- white cobalt. Spciskobalt. 

15*. Synettym. Arsenical pyrites (mundic by Cornish miners). 




iTAI-LIC LUSTRE—Continued. 





Index page lOJ. 

SVSTBM. 

0('( tJRRENCE. 

1 FKAmiRK. 

Assch:ia'iki> 

Cl.EAVAr.E. 

Minerals. 


In drops 


Cinnabar 

Cubic 

Massive 
Disseminateil 
Capillary, Ac. 

1 

1 

Argentile 

Pyrargyrile 

l*r(»ustile 

Hexagonal 

In loose grains 

In lumps 

j Angular grains 

Chromite 

(iold 

Iridosmin 

Hexagonal 

111 perfect 

Kenifonn 

Massive 

Disseminated 

, Curved columns 
i Finc-grainctl 

Proustitc 

(iaiena 

Smaltinc 

Pditor spar 

Cubic 

a, d traces 

Massive 

Disseminated 

Kenifonn 

Compact 
, Short fibres 
j Fine*grained 

Niccolite 

bismuth 

barytes 

Fluor spar 

Cubic 
a perfect 

•Massive 

Muall isolated 
crystals 

Conchoidal 

CopiM-T pyrites 
Pyrites 

Skutteradile 

Ortho-rhombic 
/// tol. ^)erfect 

Massive 

Disseminated 

Fine grains 
silky 

Blende 
(laicna, kc. 

? ai.v) Arsenic, ? 

^'o. 12.) 



Hexagonal 

0 jicrfcct 

Disseminated 

1 Massive 

I ^valy 

Wolfram 

Mispickel 

Cassiterite, Ac. 

' Ortho rhombic 
Pseudomorph 

no. 100 

010 distinct 

Massi\ e 

' I'lieven , 

i Fibrous 

. 4 iranular j 

» 1 

Psilomclane 

Barytes 

< >rtho-rhoinbic 
100 perfect 

Massi\e 

Crystals 

; I'ibrous | 

' tiranular I 

i ! 

Kermes 

Pyrites, gold 


16*. In thin leavo, very flexible. Colour and streak disiinguish it 
from graphite No. 27. 

17*. Soluble in hydrochloric acid with solution of chlorine. 

W*. Symnyme. Antimonite. Thin leaves, flexible. Fuses in candle ll.-iinc. 
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MINERALS WITH 

4. GREY — Continued. 


I NAMK. 

Harunkss. 

I Colour. 

1 Streak. 

j Specific 
j Gravity. 

! Tenacity. 

19* Galena 

H = 2f 

Reddish blue- 
grey 

Dark-grey 

7-4-76 

j 

, Sectile 

20* Copper 

Glance 

H = 2i 

Black i.sh lead- I 

gfey 

Dark-grey 

i 6-5- 6-8 

1 

1 

Sectile 

i' 

21 *; Bournonite 
, H=3 

Between lead- 
grey and 
iron -black 

Greyish - 
1 black 

6-7 -5*9 

; Brittle 

1 

!, 

22* i PyrapRyrlte 

11=3 

Reddish lead- 
grey 

j Brown-red 

1 Cherry-red 

j 5-8 

i 

i Brittle 

23* Tetrahedrlte 

H=3i 

Steel -grey to | 

iron -black | 

! 

1 Black 
Brownish - 
1 red 

; 4*6 -5*2 

j 

; Brittle 

24 Mangranite 

H=4i 

Between dark j 
steel -grey and 1 
iron -black 

Dark red- 
dish-brown 

4-2-4*3 

! i 

Brittle 

25*i Rutile 

H=6i 

i 

Reddish lead- 
grey 

Yellowish - 
grey or 
-brown 

4-2 -4'5 

Brittle 

26* Haematite 

H = 6i 

Between steel- 
grey and iron- 
black 1 

Cherry-rerl 

Brown-red 

Red-brown 

6-6-3 

Brittle 

5. BLACK 

(See also Mispiokel, No. 

15 ; Stibnite. No. 18 ; 

27* Graphite 

11 = 1 

1 Iron -black 

i 

Black 1 

1 

to 

.Sectile 

Flexible 


19*. Synonynus. Galenite, Bleigbnx. 

20*. Synonymes. Reilruthite, chaikosin. 

21*. Synony/ne. Wheel ore. 

22*. Synonyme. Dark red silver ore. Melts easily. 

23*. Syuonymes. Fahlerz, Grey copper ore. Some specimens have 
l)eautiful iridescence, due to liraonite. 
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METALLIC LUSTRE— Continued. 


(See also Arsenlc, 

No. 12 .) 


Index jiage 103. 

. Systkm. 

* Cleavage. 

Occurrence. | 

Fracture, j 

j .\SS0C1ATE1> 

Minerals. 

19 * Cubic 

100 perfect 

1 Massive, flaky 
' Disseminated 

Granular 
Compact, flaky 

Blende, cop]X?r pyi 
Tctrahcdnle, kc. 

20 * j Ortho-rhombic 
110 indistinct 

1 

Massive 

Disseminated 

Veins 

Conchoidal | 

Cojiper pyrites 
Hornite 

1'etrahedrite, &e. 

21 'j Ortho- rhombic 

1 1 0 0 indistinct 

1 Massive 
i Disseminated 

Conchoidnl 

Tctrahcdrite 
Copper pyrites 
Galena, Ac. 

22 * Hexagonal 

1 100 

Massive 

Disseminated 

Conchoidal 

Argcntite 

Silver, Ac. 

23 * Cubic 

100 imperfect 

Massive 

1 Disseminated 

Conchoidal 

Uneven 

Copper pyrites 
Galena, Ac. 

24 1 Ortho-rhombic 
100 very per. 
110 })erfect 

i 

i Columnar and 

1 granular masses 

Uneven 

Barytes 

Calcitc 

! 

26 *: Tetragonal 
; 1 00 pretty per. 
(110 pretty per. 

Massive 

Disseminated 

Conchoidal 

Uneven 

Ilmenitc 

Magnetic iron ore 
Haimatite 

26 * Hexagonal 

111 distinct 

100 distinct 

Massive 

Reniform 

Disseminated 

Conchoidal 

Uneven 



Galena. No. 19 ; Boornonlte, No. 21 ; Pypapgryrlte, No. 22 ; Rutile. No. 26 ) 


27 * 

Hexagonal 

Massive 

Uneven 

Gneiss 


111 very per. 

Dis-seminaletl 


Mica-schist 


26 *. Unallcrcfl in blowpipe flame. MicrcKosmic sail alter addition of 
tin ’.—violet bead. 

26 *. Synenymes. .Specular iron ore, red iron ore. reddle. 

27 *. (ireasy feel, stains Angers. In thin leaves, flexible Fused with 
nitre, deflagrates, the residue effervescing with acid. 
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MINERALS WITH 


8 . 



Namk. 

Hardness. 

Coi.ouk. 

Streak. 

Specific 

Gravity. 

Tenacity. 

28* 

Magnetite 

H = 5J 

Iron-black 

Black 

Grc-y 

4-9 -5-2 

Brittle 

29* 

Ilmenite 

H = 6 

Iron-black 

Black 

Rc<kli.sh- 

hrown 

4-6 -5-3 

Brittle 

30* 

Franklinite 

H=6i 

Iron-black 

Kedtli.sh • 
brown 

51 

Brittle 

26 

HsBmatite 

H=6i 

(S|>ec. iron ore) 

Between iron- 
black and 
steel -grey 

Cherry- red 
Brown-red 

5-5-3 

Brittle 


II. MINERALS WITH SUB-METALLIC 

1. BLACK OR DARK-GREY STREAK. 

No. 

Name. 

Hardness, 

Lds'i rk. 

Colour. 

Streak. 

Specific 

Gravitv. 

31 

Blende 

H=4 

(Var.Christophil) 

X'itreous 

Black 

Brown - 
black 

4 

17^7* 

Psllomelane 

H=6i 

Metallic 
“Schimmernd ” 

Black 

Black to 
brown 

3-7 -4-4 




2. BROWN STREAK. 

m* 

Wad 

11 = 1 

Dull 

Dark brown 

Dark brow-n 

3-4-4 

31 

, 

Blende 

H=4 

Adamantine 

Vitreous 

Black 

Brown 

Brown 

3-9 -4-2 


28*. SyfMnytitf. Magnetic iron ore. Attracted by a magnet. 

29*. Syftonymrs. Menaccanite, titaniferous iron ore. More t r 
less magnetic. 

30*. Slightly magnetic. 



METALLIC LUSTRE— Continued. 
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Index page 103. 


No. 

System. 

Cleavage. 

Occurrence. 

Fracture. 

Associated 

M1NRRA1.S. 

28 * 

Cubic 

100 distinct 

111 distinct 

Ma.ssive 

Disseminated 

Conchoidal 

Uneven 

Mctamorphic 

rt)cks 

29 * 

Hexagonal 

111 perfect 

Massive 

Dis.seminated 

Conchoidal 

Uneven 

1 

Rutile 

Apatite, &c. 

30 *' 

Cubic 

100 imperfect 
111 imperfect 

Massive 

Crystals 

Grains 

1 1 

Conchoidal 

Zincite, calrite 
Willemite 

26 

Hexagonal 

100 .seldom 

Massive 

Disseminated 

Conchoidal 

Uneven 



LUSTRE AND COLOURED STREAK. 

(All Opaque.) 


No. 

System. 

Cleavage. 

1 

Occurrence, i 

Kkacturk. 

i Associated 

j Minerals. 

31 j 

Cubic 

110 very i)er. 

M.issive 

Disseminated 

Reniform 

Granular 

Compact 

Fibrous 

Magnetite 

Mispickel 

Galena, &c. 


Amorphous 

Reniform 

Compact 

Compact 

(Conchoidal) 

, Pyrolusite 
; Limonitc 

Barytes 

(See also Psilomelane, No. 17 a, and 

Tetrahedrite, No. 23 . ) 

Mb* 

Amorphous 

Reniform ^ 

Compact 

Earthy 

Psilomelane 

Pyrolusite 
> Limonite 

31 

Cubic 

110 very per. 

Compact } 

Disseminated | 

1 Reniform 

Conchoidal 

Compact 

Fibrfjus 

Mispickel 

Copper pyrites, Ac. 


17 a*. Yields water in closed tube. Evolves chlorine readily when 
treated with hydrochloric acid. 

Xlb*, Synonynu. Bog mangane.se. 
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MINERALS WITH SUB-METALLIC 

2. BROWN STREAK-^-Cofttittued. 


No. 

Namk. 

Hardness. 

Lustre. ! 

Colour. | 

1 

Streak. 

Specific 

Gravity. 

32 

Ofithite 

H=4i 

Adamantine 1 

Velvety | 

Silky 

Brown 

Yellowish- 

brown 

4-1 -4*4 

33* 

Wolfl'am 

H=6 

Metallic I 

Adamantine i 

Black 

Brown 

1 

Brown i 

1 

j 

7-7-5 

34* 

Limonlte 

H=:5i 

Resinous to 
vitreous 

1 

Brown 

Blackish* 

brown 

Vellowish- 

brown 

3-4-4 

lie . 

Opal 

H=6i 

(Var. Jasper opal) 

Vitreous 

I Resinous 

i 

Brown 

Black 

Brown 

1-9 -2-3 

1 

36* 

Amphibole 

H-5i 

(Var. Basaltic 
hornblende) 

i i 

1 1 

! : 
i 

Black 

j Yellowish - 
1 brown 

i 

1 

2-9 -3-4 

1 

36* 

Casslterlte 

H=6i 

j Half metallic 
Resinous | 

1 Black 

Brown 

j Pale-brown 

1 6-8-7 

IV 

Quartz 

H = 7 

(Var. Eisenkiesel) 


Brown 

Pale-brown 

2-6-28 

! 

38 

Spinelle 

11=8 

(Var. 1‘icotile) 

1 

1 Vitreous 

I Resinous 

’ Black 

t 

Light-brown 

4 


33*. Sometimes slightly magnetic Gives manganese reaction with a 
sodium carbonate bead. Microcosmic salt : — red bead 
becoming green on addition of tin. 

34*. Sytumyrtu. Brown hsmatite. 
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LUSTRK AND COLOURED STREAK—Continukh. 

Index pnge 103 . 


No. 

System. 

Cleavage. 

Occur KENCK 

Fracture. 

Associated 

Minerals. 

32 

Ortho-rhombic 
100 very per. 

Compact 

Reniforni 

Imperfect 

Conchoidal 

I. imonite 

II. x‘mntite 

33* 

M*no-symmetric 
100 perfect 

010 imperfect 

Compact 

Disseminated 

Uneven 

Cassitcrite 

Quarti 

Quart* 

34* 


Reniform 

Compact 

Disseminated 

Silky 

Compact 

Earthy 

Pyrolusite 

Psilomelane 

Ila'inatite 

lie. 

Amorphous 

Compact 

Compact 

Conchoidal 

Limonite 

35* 

Mono-symmetric 
110 very per. 

Massive 

Disseminated 


In basalt 
Phonolite 

36* 

Tetragonal 

100 indistinct 
110 indistinct 




37* 

Hexagonal 

100 , 211 , 

122 , very in- 
distinct 

Massive 

Conchoidal 

Compact 

Limonite 

38 

Cubic 

Di&seminated 

Compact 

Serpentine 
Olivine, Ac. 


35*. Note prismatic cleavage yielding an angle of 124°. Tenrlency t(j 
columnar or Bbrous character. 

36*. Spumynu. Tin stone. 

37*. Sytumyme. Transparent crystals « rock crystal. 
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MINERALS WITH SUB-METALLIC 





3. 

RED STREAK. 

1 

No. 

Name. | 

Hardness. 

Lustre. 

Colour. 

1 

Streak. 

Specific 

Gravity. 

39 

Cinnabar 

H=2i 

Adamantine 

Cochi neal- 
red 

Scarlet 

8-8-2 

40* 

Proustlte 

H = 22 1 

Adamantine 

Cochineal- 

red 

Yellowish- 

red 

5*6 -5-6 

22 

Pyrar^yrlte 

Adamantine 

Semi-metallic 

i 

Cochineal- 
red 
Blackish 
Lead -grey 

Cherry-red 

Bluish-red 

5-7-5-8 

41* 

Cuprite 

1 H=4 

Adamantine 

1 Semi-metallic 

Cochineal - 
red 

Lead -grey 

Brownish- 

red 

6-9 -6-1 

26 

Heematite 

i (Red iron nre) 

Semi-metallic 
; Earthy 

Dark -red 
Steel-grey 

Brownish- 
; red 

1 ; 

5-6 -6-5 


4. YELLOW STREAK. 
Odthite, No. 32 ; Limonite, No. 34 ; Amphibole, No. 35 ; Opal ; 

42* 

! Orplment 

H=2 

Resinous 

Pearly on 1 0 0 

Citron- 

ye'low 

! Citron- I 

yellow i 

3-6 

43* 

Realsrar 

Resinous 

Adamantine 

1 Aurora -red 

! 

1 

1 Orange- 
yellow 

3-6 

44 

Solghur 

Resinous 

Adamantine 

1 Sulphur- 
1 yellow 

Brown -grey 

Sulphur- 

yellow 



Blende 

H=4 

Adamantine 

i Brown 

Brown 

White 



40*. Sytwn^fHt. Lafrht-red silver ore. Melts in candle flame. 

41*, Synonyme. Ruby copper. Often black tarnish. Chalcotrichite is 
a variety occurring in acicular crystals (elongated cubes). 



l.USTRE AND COLOURED STREAK-Continued. 


(See iilso Quartz, No. 37 .) Index page 103. 


N(*. 

Systbm. 

Cl.KAVAOK, 

Occurrence. 

Fracture. 

.Associated 

Minerals. 

39 

Hexagonal 

2 i 1 very per. 

Massive 

Disseminated 

Flaky 

Uneven 

(^)uicksilver 

Cop|)er 

Pyrites 

40 * 

Hexagonal 

100 distinct 

Massive 

Disseminated 

Compact 

Argenlite 

Stephanite, Ac , 

22 

Hexagonal 

100 j)erfecl 

M assive 
Di.sseminated 

Conchoid a 1 

Aigentilc 
.Stephanite, kc. 

41 * 

Cubic 

111 distinct 

Massive 

Disseminated 

Fibrous 

Conchoidal 

Uneven 

(4)p))er 

Copper pyrites 
Malachite, Ac. 

26 


Reniform 

Massive 

1‘owder 

Compact 

Fibrous 

1 Earthy 

Limoniic 

Obthite 

1 Pyrolu^ite, Ac. 

Rutile, No. 25 ; Casslterite, No. 36 ; Quartz, No. 

37 . See alxrve. 

42 * 

Ortho- rhombic 
100 perfect 

Massive 

Disseminated 

Reniform 

Plates 


' Realgar 

Stibnite 

Pyrites 

Clay, Ac. 

43 * 

Mono-symmetric 
0 1 0 t. perfect 

0 0 1 t. perfect 

Massive 

Dis.seminated 

Flakes 

Compact 

Earthy 

Arsenic 

Stibnite 

Pyrites, Ac, 

« 

Ortho-rhombic 
111 im|ierfect 
110 im|>erfeci 

Massive 

Disseminated 

Powder 

Compact 

F^arthy 

Gypsum 

Celestinc 

Clay, Ac. 

31 

Cubic 

110 very [kt. 

Massive 

Disseminated 

Conchoidal 

Galena 

Copper pyrites 

Fluor, Ac. 


42 *. Thin leaves, flexible, Init not elastic. Burns. 
43 *. Bums. 



1*4 


MINERALS WITH SUB-METALLIC 
B. GREEN STREAK. 
Some varieties of Amphlbole, No. 33, 


N®- H?«Tness. Lustre. Couour. I Streak. Stec'™ 


46* Malachite I Vitreous 
H=.-3i Pearly 

Silky 


Emerald- j Verdigris- j 3*7-4 
green I green 


46’ Atacamite ; Vitreous to ! Emerald- Apple-green 3*7 

H=3j resinous j green 


47’ Pyroxene ' vitreous 


Blackish- Grey-green 5'2-3‘4 
green 

Greenish- , 

black 


6. BLUE STREAK. 


48 Vlvlanite Pearly 

Hs=2]| Vitreous 


49* Chessyllte l vitreous 

H=5} ' 


Dark-^reen Indigo- blue i 2 *6 -2 *7 
tircenish- 1 

black 

Indigo-blue 


Blue Smalt-blue 


46*. Effervesces with hydrochloric acid. Soluble in ammonia to a 
blue fluid. 

46*. Sy$u>nyme. Remolinite. Soluble in ammonia to a blue solution. 
Giaracteristic flame colouration. See page 146. 
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LUSTRE AND COLOURED STREAK-Continued. 


and Splll6ll6i No. 36 , give greenish streak. Index page toj, 


No. 

System. 

Cleavage. 

Occurrence. 

Fracture. 

Associated 

Minerals. 

46 * 

Mono-symmetric 

Massive 

Conchoidal 

Cop))er minerals 


001 very perfect 

Reniforni 

Fibrous 

generally 


010 ver)’ perfect 

Disseminated 

Uneven 

Limoni tc 

1 hematite 

46 * 

Ortho-rhombic 

Massive 

Conchoidal 

Limonitc 


100 perfect 

Disseminated 


Hamiatite 

Oil less perfect 

Powder 



i 47 * 

Mono-symmetric 

Massive 

Conchoidal 

Amphibole 


110 tol. perfect 

Disseminated 

Uneven 

Garnet 

Galena, Slc. 

48 

Mono-symmetric 

Massive 1 

Not observable 

Limoniie 


010 very jx.'rfecl 

I)is.seniinated ' 


Pyrites 


Powder 


Clay, &c. 

49 * 

Mono-symmetric 

Massive I 

Conchoidal 

Malachite 


021 perfect 

Disseminated 

Compact 

Limonite 


100 less distinct 

Powder 

Elarthy 

Copixir pyrites, &c 


47 *. Refers mainly to Augile. See No. 35 as to diitinction l)etween 
augile and hornblende. See also page 134. 

49 *. Syticnymes. Azurile. kupferlazure. Effervesces with hydro- 
chloric acid. Soluble in ammonia to blue solution. 
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111. MINERALS OF WHITE 





1. VERY 

SOFT. 

No. 

Name. 

Hardness. 

Lu.strk. 

Colour. 

Specific 

Gravity. 

1 Tknacjiy 

60*1 

i 

Tale 

H = 1 

I'early 

White 

Grey 

2-6-2-8 

, Seclile 
Flexible 

1 

74a*. 

Ch^sotile 

(Serpentine 

Asbestos) 

Silky 

Green 

Brown 


Seclile to 
brittle 

61* 

Gy^isum 

Vitreous 

Silky 

Pearly 

White 

Grey 

Vellow 

Red-brown 

2*3 

.Seclile 

Flexible 

62* 

Meerschaum 

H = 2 

Larthy 

Creamy 

White 

1-2- 1-6 

Sectilc 

63* 

Borax 

11=2 

(Tincal) 

Kesinous 

White 

(irey 

1-7 

Brittle to 
xectile 

64 

Bnicite 

Pearly 

White 

2-3-2 4 

Sectilc 

56* 

Muscovite 

H=2J 

Pearly 

Grey-white 
Lijjht- brown 
Black 

5 

Seclile 

66* 

Salt 

H=2i 

\’ilreous 

Resinous 

' While 

Grey, Red 
Blue 

(seldom) 

2-2 

Brittle to 
sectilc 

67 

I Sylvite 

ll=2\ 

Vitreous 

Resinous 

; While 

Grey 

1*9-2 

1 

Brittle to 
mild 


60*. Massive is soamione or steatite. Lamina, flexible, but not 
elastic. Greasy feel. 

74ii*, Gives water in closed tube. When breathed upon has j>eculiar 
smell. Used extensively for asbestos board, iVc. True 
asbestos is an altered hornblende. 

51*. Syuon^we. Crystallised = selenite. Massive =:alaba.ster. 
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OR GREY STREAK. 

(See Sulphup, No. 44 ; Vlvlanlte. No. 48.) 

Index jiage lo^. 

« 1 SYSTBM. I 
Cleavage. I 

Occurrence. 

Fracture. | 

1 

Associated 

Minerals. 

60* j Ortho-rhombic 
! 0 0 1 i>erfect 

Massive 

j Flaky 

Aclinolitc 

Dolomite 

Apatite, &c. 

74fl*i 

Veins 

Fibrous 

Serpentine 

51* Mono-symmetric 
010 very perfect 
ill imperfect 

.Mas.sive 

Crystals 

N'eins 

j Seldom 
, observable 

1 

Clay 

Sulphur 

, Rublrish of mines 

52*, Amorphous 

Massive 

Nodular 


Chalcedony 

Opal chlorite 

63*1 Mono-symmetric 
100 perfect 
! 1 1 0 less perfect 

Shores of lakes 

Conchoidal 


64 Hexagonal 

111 very |x*rfect 

Massive 

Uneven 

Seldom obs. 

Serpentine 

Limestone 

Chrome iron ore 

66*^ Mono-symmetric 
001 perfect 

Massive 

Disseminateti 

Seclile 

Flastic 

Schists 

tineiss, granite 
*Not augite nor 
labradorite 

66* Cubic 

100 very jierfecl 

■Massive 

Di.s8eminate<l 

Crystals 

('onchoidal 

Clay 

Gypsum 

Annydrile 

67 Cubic j 

100 |)erfect j 

Ma.ssive 

('onchoidal 

Carnallite 

1 Ktiinil 


62*. Sytionyme. .Sepiolitc. Adheres to the longue. 

63*. Sptmyme. Tincal. Puflfs up or intumesces when heated, 
giving off water, and melting to a clear globule. 

66*. Bistite or m^nesia mica is black, dark-brown, or dark-green. 
Compare TaiCi No. 60*. 

66*. Synonymes. Rock salt, halite. Characteristic taste. 
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MINERALS OF WHITE 

2. SOFT. 




Colour. 



58* Calcite 

1 11 = 3 

Vitreous All colours 

(111 pearly,dull)| Gen. white 

2'7 

! Brittle 

1 

59*1 Anhydrite 

1 11=3 

Vitreous 

Resinous 

Pearly 

Grey 

White 

Bluish 

Reddish 

2-8-3 

Brittle 

60 ' Celestine 

Vitreous 

Resinous 

0 01 i)early 

White 

Bluish 

3-8-4 

Brittle 

Barytes 

11 = 3 

Vitreous 

Adamantine 

001 iiearly 

Silky 

White 

Red -brown 

Yellow 

Light-blue 

4-3-4 6 

Brittle 

62*! Angleslte 

11=3 

1 Adamantine 

I Resinous 

Whitr 

6-3 

brittle 

63 Kleserite 


White-grey 
Pale-yellou \ 


Brittle 

64*1 Cryolite 

11 = 3 

Vitreous 

Pearly 

White 
i Grey 

3 1 

Brittle 

65*1 Wavellite 

1 H=3 

1 

i 

\'itreous 
‘ Silky 

' All colours I 

I Yellow ' 

i Green 

White 

2-3-2-4 

; Brittle 

66* Pyromorphlte 

1 ll = 3i 

l.esinous 

1 Adamantine 

i 

Green, white 

I trowm 1 

Yellow I 

6-9-71 

! 

; Brittle 


58*. FIffervesces with hydrochloric acid. 
69*. Karslenile. 

61*. Synofiy/fte. Heavy spar. 
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OR GREY STREAK— Continued. 


Index page 103. 


Systbm. 

Cleavaur. 

Occurrence. 

Fracture. 

Ass(x:iatei) 

Minerals. 

Hexagonal 

100 very perfect 

Massive 

Disseminated 

1 Conchoidal 


Ortho-rhombic 
100 and 

001 very perfect 
010 less perfect 

Massive 

Veins 

1 Conchoidal 
Imperfect 

Clay 

Limestone 

(lypsum 

1 Rock salt 

Ortho-rhombic 
001 very perfect 
110 less perfect 

Veins 

Crystals 

Conchoidal 

Fibrous 

Compact 

Limestone 
Calcite, gypsum 
Sulphur 

Ortho-rhombic 
001 perfect 

110 perfect 

Massive 

Crystals 

Fibrous masses 
Veins 

Conchoidal 
Seldom obs. 

Fluor, galena 
l*yrites 

Pyrolusite 
Limonitc, &c. 

Ortho-rhombic 
001 perfect | 

110 j>erfect 

Massive 

Comp.icl 

Conchoidal 

('erussite 

Calcna 

Mono-symmetric | 

1 

Massive 

' Conchoidal 

1 

Carnallite 

Kainil 

1 

Anorthic 

Three directions 
near right angles 
to each other 

Massive 

1 

Imp. conchoidal 
j Uneven 

(Ineiss 

Chalybite 

(ialena 

Copper pyrites 
Blende 

Ortho-fhombic 

1 0 0 t. perfect ! 
1 1 0 t. perfect 

Reniform 

Hemispherical 

Radiating 

Crystals 

Imp. conchoidal 

(iranitc 

Slate 

I lamatite 
Limonite, &c. 

Hexagonal 

120 imperfect ' 

Reniform 

Att. crystals 
Massive 

Compact 

I Imp. conchoidal 

1 ! 

Cerussite 

(Jalena 

Barytes 


62 *. Melts in candle flame. 

64 *. Easily fusible. 

65 *. Often contains fluorine, and gives fluorine reaction. 

66*. Contains chloride. After fusion crystallises on cooling. 
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MINERALS OF WHITE 





2. 

SOFT- 

Continued. 

No. 

Namk. 

IIaronkss. 

Lustrk. 

i Colour. 

„J ; 

Spkcific 

Gravity. 

1 Tenacity. 

67* 

Mlmetite 

1 Adamantine 

' Yellow 

7-2 -7*3 

: Brittle 


H=3i 

i Uesinous 

1 

Brown, grey 
White 



68 

Cerusslte 

Adamantine 

While 

6-4 -6*6 

Brittle 


H=34 

Resinous 

(irey 




Pearly, silky Black 

Brown 

60 Stllbite Vitreous While 2‘l-2‘2 Brittle 

i il=4 Silky Pale-yellow 

(Desmin) Pearly Pale-red, &c. 

. 70* Alunite v itreous While, grey 1*7 Brittle 

H = 4 Pearly Pale-yellow, 

I &c. 

71 Strontianlte \'itreous White, grey 5*6 Brittle 

11 = 4 Uesinous Pale-yellow 

Pale-green 

72 Witherite Vitreous While 4*2 4*4 Briltle 

11=4 j Resinous (irey 

Pale-yellow 

j (Jreenish- 

white ' 


73V Arasronlte 
H=4 

Vitreous 

Resinous 

Silky 

While, grey 
Red, green, j 
&c. I 

2*9-3 

Brittle 

74* Serpentine 
11=3,3*5 

Resinous 

Feeble 

Dark -green 
Red, &c. 

2 6 

Sectile 

31 Blende 

H = 4 

Adamantine 

; 

Yellow 

Red, green , 
While ! 

3*9-4*2 

Briltle 

1 1 0 very 
perfect 

75* Fluor Spar 
11=4 

Vitreous 

i 

All colours j 

i 

3-3-2 

Brittle 


67*. Blowpipe reactions similar to those of 66. 
70*. Synonynu, Alum-stone. 

73*. Phosphoresces when heated. 



OR GREY STREAK—Continued. 


Index page 103. 


1 System. 
Cleavage. 

Occurrence. 

Fracture. ! 

Associated 

Minerals. 

67 * Hexagonal 

120 imperfect 

j Att. crystals 

In veins of 
{ galena, Ac. 

1 Imp. conchoidal 

Galena 

Limonitc 

Psilumelane 

68 Ortho-rhombic 

1 1 0 t. perfect 
201 perfect 

' Massive 

Crystals 

Conchoidal 

l^romorphile 
j Galena 

Malachite, kc. 

69 Ortho-rhombic 
100 very perfect 

Massive 

Characteristic 

groups 

Uneven 

i Zeolites 
j Calcite 

70 * Hexagonal 

111 imperfect 

Massive 

Nodular 

' Uneven 

Trachyte 

In gravel 

71 Orthorhombic 
; 1 1 0 tol. distinct 
j 100,201 imp. 

Massive 

Fibrous i 

Veins in older rocks 

72 1 Ortho- rhombic 
110 distinct ' 

1 

Massive 

Reniform 

Uneven 1 

Galena 

Alstonile 

Baryto-calcite 

73 * Ortho-rhombic 
100 distinct 

Massive j 

Reniform j 

Acicular 

Conchoidal 1 

Uneven ! 

1 

i 

Calcite, gypsum 
Dolomite 

Limonite 

74 *. 

I 1 

i 

Massive 

1 

Conchoidal 

Flat, uneven 


31 Cubic 

Massive 

Disseminated 

Roundish 

Conchoidal 1 

Compact { 

Pyrites 

Pyroxene 

Galena, &c. 

75 *: Cubic* 

111 very perfect 

Massive 

Disseminated 

Conchoidal 

Barytes 

Galena 

Blende, kc. 


74 *. Serpentine has many varieties. 74 refers lo British varieties. Sec 
74 a* Cbrysotlle, page 126. 

76 *. Some varieties phosphoresce when heated. 



MINERALS OF WHITE 

2. SOF^T —Continued. 


No. 

Name. 

Hardness. 

1 

Lustre. 

Colour. 

Specific 

Gravity. 

Tenacity. 

76* 

Dolomite 

Vitreous 

1 

White»grey 

ob 

1 

to 

CD 

Brittle 


H-4 

Pearly (100) 

Yellow, &c. 

1 


77* 

Chalybite 

Vitreous 

Yellowish - 

3-5 -4-6 

BritUe 


H=4 

Pearly on 

brown to 

1 




100 face 

red 




3. MEDIUM HARDNESS. 


Na 

Name. 

Hardness. 

Lustre. 

Colour. 

[Specific Gravity. 

78 

Magnesite 

Ti=44 

Vitreous 

Massive 

Earthy 

White 

Black 

Grey 

Pale-yellow 

2-9-3 

79* 

Calamine 

Hs4i 

Vitreous to 
resinous 

White-yellow 
Pale-green, Ac. 

4-3 -4-4 

80 

Ap^h^llite 

Vitreous 

001 pearly 

White 

Pale -yellow 

Pale-red 

2-3 -2-4 

81* 

Apatite 

H-6 

Vitreous 

Resinous 

All colours 

3-2 

82* 

Natrolite 

H=6 

Vitreous 

Silky 

White 

Pale-yellow 

Pale -red ! 

2-2 -2-3 

87r 

Opal 

H«6 

Resinous 

Vitreous 

In all colours 

1-9-2-3 

« 


76*. Synonymes. Biller spar, brown spar, pearl spar. 

^ 77*. S^monymes. Spathose iron. Siderite. 

79*. Called Smilhsonite by some authors. Smithsonite (Miller) = 
Kies^lxinkerz. Kieselzinkerz called calamine by some authors. 
79* is a sine carbonate. The other calamine is a zinc silicate. 
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No. 

System. 

Cleavage. 

Occurrence. 

Fracture. 

Associated 

Minerals. 

76* 

Hexagonal 

1 00 perfect 

Massive 

Conch oidal 
Compact 

Galena 

Blende 

Calcite, Ac. 

77* 

Hexagonal 

Massive 

Conchoidal 

Galena 


100 perfect 

Reniform 

, Compact 

Blende 

Copper pyrites, Ac. 


No. 

System. 

Cleavage. 

Occurrence. 

Fracture. 

Associated 

Minerals. 

78 

Hexagonal 

100 very perfect 

M.issive 

Reniform 

Conchoidal 

Compact 

Earthy 

Schists 

Serpentine 

79* 

Hexagonal 

100 perfect 

Reniform 

Bolryoidal 

Uneven 

Imp. conchoidal 

Galena 

Blende 

80 

Tetragonal 

001 very j:>erfect 
100 imperfect 

Massive 

Imp. conchoidal 
Uneven 

Analcime 

Mesotype 

Calcite 

81* 

Hexagonal 

111 imperfect 
100 imperfect 

Massive 

Reniform 

Fibrous 

Compact 

Earthy 

Conchoidal 

Cassiterite ^ 

Wolfram, fluor 
Felspar, Ac. 

82* 

Ortho-rhombic 
110 perfect 

Fibrous masses 
in basalt 

Conchoidal 

Uneven 

Chabasite 

Apophyllitc 

Calcite 

37i: 

i 

J 

Amorphous 

Massive 
Disseminated 
Roundish, Ac. 

Comract 

Conchoidal 

In aevices 

Many rocks 


81*. Some varieties phosphoresce when heated ; others when rabb^. 
82*. Synmynu. Mesotype. Almost entirely soluble in oxalic acid. 



J34 


MINERALS OF WHITE 
4. HARD- 


No 

! Name. 

Hardness. 

j Lustre. 

Colour. 

Specific Gravity. 

83 

Analcime 

H=6i 1 

Vitreous j 

White 

Pale-red 

2-2 -2-3 

84* 

Enstatlte 

H=6i 

Vitreous 

Pearly on 

100 face 

Light-grey, green, | 
brown, yellow, i 
and red 

3-2-3'6 

86* 

Leucite 

H=6 

Vitreous 

Resinous 

While 

Grey 

1 

2-5 

35n 

Tremollte 

H = 6 

Vitreous 

Silky 

While 

Grey 

Greenish 

2*9 -3-4 

3W* 

Actinolite 

H=6 

Vitreous 

Silky 1 

' Green 

1 

3-3-2 

3&r 

Hornblende 

11=6 

Vitreous 

Black 

2-9 -3-4 

47a 

Diopslde 

H = 6 

1 

1 Vitreous 

Green 

White 

Yellow 

3-2-3-4 

47^ 

I Auflrite 

1 f. = 6 

1 Vitreous. 

! 

Grey-black 

Green-black 

3-2-3-4 

86 

Turquoise 

H = 6 

j Vitreous 
! Feeble 

! 

Aiure blue 

Green 

2-6-3 

87* 

Orthoclase 

j H = 6 

, Vitreous 

001 pearly j 

White 

Red 

Grey, Ac. 

2-6-2-6 

87«* 

j Mloroeline 

I 

Vitreous 

001 pearly 

While 1 

Grey ! 

Gre?n | 

2-5-4 


84*. Sytutnyme. Bronzite. 

85*. Apparently cubic in 24 faced trapezohedrons. 

35^*. Breaks easily across prisms. Long bright green crystals called 
glassy actino’ite. Fibrous kinds called asbestiform 
actinolite. 
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System. i 

Cleavage. 

Occurrence. | 

Fracture. 

Associated 

I M1NERAI.S. 

83 1 Cubic 

j 100 very imper. 

Massive 

} Imp. conchnidal 

Ai)oi)hyllile 
! Mesotype 

84*1 Ortho- rhombic 
100 very perfect 

Massive 


Olivine 

Apatite 

Serpentine 

86 * Tetragonal 

1 0 1 1 very imper. 

Disseminated 

Conchoidal 

Uneven 

I.Ava 

Sanidin 

Augite, d^c. 

t 

36a Mono-symmetric 
110 perfect 

Massive 

Fibrous 

Sub-conchoidal 

Dolomite 

36^* Mono-symmetric 
110 perfect 

Massive 


Talc-schist 

Serjientine, Ac. 

36c Mono-symmetric 
110 perfect 

Massive 


Phonolite, Ac. 

Syenite 

47a Mono-symmetric 
110 tol, perfect 

Massive 

Conchoidal 

Uneven 

Chlorite-.schisi 
Seri)entine 
(iarnet, Ac. 

47^ Mono-symmetric 
110 tol. perfect 

Massive 

Disseminated 


Basalt 

1 Dolerile, Ac. 

Not quartz 

86 Amorphous 

Disseminated 

Massive 

Reniform 

, Conchoidal 
Uneven 

' In pebbles 

1 

87* Mono-symmetric 
001 very perfect 
010 perfect 

110 traces 

Massive 

Disseminated 

, Conchoidal 
Uneven 

j Augite seldom 

87a* Anorthic 

001 perfect 

1 010 clear 

, Massive 
! Disseminated 

, Compact 

i 

Granite 

Syenite 

* Hornblende, Ac. 

87*. Varieties are— (a) adularia, transparent, cleavablc, pearly 
reflections (moonstone in part), <3) amazon stone, green. 

87a*. Amazon stone, a mixture of orthoclase and microclinc. 
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MINERALS OF WHITE 

4. HARD — Cmtinued. 


N(>. 

Nam£. 

Hardnr.s.s. 

Lustre. 

Colour. 

Specific Gravity. 

87/i* 

Labradorite 

Vitreous 

White 

2*7- 2-8 


H-6 

Resinous 

drey 




001 j>early 

brown 


87r 

Anorthite 

Vitreous 

White 

2*7 -2-8 


11 = 6 

001 pearly 

(irey 





Red 


5. VERY HARD. 

88* 

Epidote 

Vitreous 

Green 

3-3i 


H=6i 

Pearly 

\'ellow 





Brown, Ac. 


89*! Olivine 

Vitreous 

Green 

53 -3*4 


H = 7 

Resinous 

Yellow 



(Peridot) 


Brown 


90* 

Garnet 

Vitreous 

All colours except 

3-1 -4-3 


H=7 

Resinous 

blue 


91* 

Tourmaline 

Vitreous 

All colours 

5 -5-5 


11=7 




W* 

Azinlte 

Vitreous 

Brown 

3-3 


H=7 

Part adamantine 

Grey 


95* 

Idoerase 

Resinous 

Brown 

3-4 


H=7 


i Yellow 




Vitreous | 

I Green, Ac. j 

I 


87<^'. Play of colours produced by inlernal latninse and microscopic 
crystals of some other mineral (edthite or haematite). 

88*. Prismatic forms often longitudinally striated. B.B. Fusible. 

69*. As a precious stone called chrysolite or peridot. Sulphuric acid 
decomposes it with liberation of gelatinous silica. 

90*. Grossularite= lime-alumina gameU Pyrope= magnesia-alumina 
garnet. Almandine=: iron-alumina garnet gives characteristic 
absorption spectrum. Ouvarovite* lime-chrome garnet. See 
page 110. 
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System. 

Cleavage. 

Occurrence. 

Fracture. 

Associated 

Minerals. 

87^*’ Anorthic 

j 0 0 1 very perfect 

I 0 1 0 less perfect 

1 1 1 0 imperfect 

Massive 

Disseminated I 

1 

Imp. conchoidal 

Ilasalt 

Gabbro 

Not quarte 

87f Anorthic 

001 perfect 

1010 i^erfect 

Massive j 

Disseminated | 

i 

Conchoidal 

In grains in chalk 

(See also 25, Rutile ; 36, Casslterlte 

; 37, Quartz; 38, Spinelle ) 

1 

88*{ Mono-symmetric 
100 perfect 

001 less [lerfect 

1 

Massive 

Disseminated 

Uneven 

Amphil)olc rocks 
Chlorite-schist, Ac. 

89* Ortho rhombic 
100 easy 

010 traces 

Massive 

Disseminated 

Conchoidal 

Basalt 

(iabbro 

Biotite 

Garnet, <frc. 

90*1 Culiic 

110 difficult 

Massive 

Conchoidal 

ryrojie in scriJentine 
Essonite, grossular in 
primitive rocks , 

91* Hexagonal Massive 

100 imperfect ' Disseminated j 
ill imperfect l 

Imper.conchoidal 

Uneven 

Primitive rocks 
Almandine 

Beryl, topar 

Anorthic 

Traces on several 
faces 

Massive ! 

Conchoidal 

Ilornblendc'SchUt 

Blende 

Arsenical pyrites 

93" Tetragonal 

100, llOnot 
distinct 

Massive 

Imper.conchoidal 

1‘rimitive limestone 
Magnetite 

Pyrites, Ac. 


91*. Hymnyme. Schorl. Gives blowpipe reaction for boron. 

92*. On looking through a crystal in direction of either optic axis a 
dark violet stripe is seen interrupted at the point occupied 
by the axis. Gives blowpipe reaction for boron. Fusible. 
93*. Spumyme. Vesuvian, pyramidal garnet. 
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MINERALS OF WHITE 

B. VERY HAR D — Continued. 


No. j 

Name. 

Hardness. 

Ldstrk. 

1 Colour. 

1 

i Specific Gravit' 

1 

94 

Boracite 

H-7 

Vitreous 

Adamantine 

White 

(irey 

Greenish 

2-8-5 

96*! 

Andalusite 

H=7 

Vitreous 

Resinous 

Red-grey 

Brown 

31 -3-2 

96* 

Beryl 

II = 7i 

1 

Vitreous 

Circcn 

Blue 

White 

Yellow 

Pale- red 

2-7 

97* 

Zircon 

H=7i 

Adamantine 

Resinous 

All colours 

Often yellow 
Brown 

4 4-7 

1 

98 

Topaz 

H = 8 

\'itreous 

Adamantine 

Yellow 

White 

Pale-blue, Ac. 

: 3 -4 -3 -6 

99* 

Corundum 

H = 9 

I Vitreous 
Resinous 

Blue 

Red, green 

Grey, brown 

! 4 

100 

Diamond 

11 = 10 

Adamantine 
j (Type) 

.Ml colours 

i 

! 55-3-6 


96*. Var. chiastolite. Impurities cause section to show a cross or 
other form. 

96*. Var. emerald is green. 
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Index |)age 103. 

System. 1 

Cleavage. 

Occurrence. 

Fracture. 

Associated 

Minerals. 

Cubic 

111 imperfect 

Small crystals | 
Massive 

Conchoidal 

Uneven 

Oypsum 

Anhydrite 

96*1 Ortho-rhombic 
110 perfect to 
‘ distinct 

Massive 

Sub-conchoidal 

Uneven 

Schists 

Oranite 

Almandinc garnet, Ac. 

96 *: Hexagonal 

111, on 

Interrupted 

Attached crystal-.' 

Conchoidal 

Uneven 

Mica-schist 

Chlorite-schist 

Tourmaline 

Topax, Ac. 

97 * j Tetragonal 

1 1 1 , &c., not j 
perfect 1 

Disseminated 

Compact 

Eruptive rocks 
Granite, syenite 
Schists, Ac. 

1 

98 Ortho-rhombic 
001 very jierfecl 

Disseminated 

Massive 

Conchoidal 

Granite 

99*1 Hexagonal 

100 and 11 1 

Massive 

Disseminated 

Conchoidal 

Uneven 

Granite 

Basalt 

100 Cubic 

Massive 

Conchoidal 



Ill very |KTfect| Disseminated j 

’ , ) 

97 *. Var. jargon, hyacinth. Square prismatic f«)rms. Characterutic 
absorption spectrum (Miers). 

99 *. Var. pure transparent =3 sapphire and ruby. 

Emery =: granular corundum. 



The use of the Blowpipe In the Determination 
of Minerals. 

Before commencing these lessons on the use of the 
blowpipe, the student will of course require to be provided 
with the necessary apparatus. The most convenient set of 
blowpipe apparatus I have seen is that published by 
John T. Letcher, Truro, known as the “Society of Arts 
Blowpipe Apparatus,” price is.; but it is not at all 
necessary to have so complete a set. The student may 
very well commence with the following, which may be 
purchased from any of the dealers in chemical apparatus : — 

1. A blowpipe. 

2. A Bunsen burner. It is convenient to file the top 

of the burner so that it may slope somewhat, and 
should be supplied with the usual arrangement 
for closing the air holes. If gas is not available, 
a candle or oil lamp may be used. 

A convenient burner is one represented in 
figure 75. The burner is mounted on an ordinary 
gas bracket swivel, which enables it to be inclined 
as may be required. At d is shown the position 
of the blowpipe jet for producing an oxidising 
flame. At a the position of the jet for producing 
a reducing flame. 

3. Charcoal supports. Pieces of wood charcoal may 

be used, but these dirty the fingers, and are 
generally messy. A porcelain support and 
charcoal pastilles are much more convenient. Or, 
instead of porcelain, an aluminium support, as 
suggested by Lieut.-Colonel Ross, may be used. 
Sec “ Manual of Blowpipe Analysis,” by Lieut.- 
Colonel Ross (Triibner Sc Co.). 
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4. A small hammer. 

5. Anvil. 

6. A small magnet, or a magnetized penknife. 

7. Pocket lens. 

8. Platinum wire (^e page 143). 

9. Glass tubes, about 4 inches long, and one-quarter 

inch diameter, open at both ends (open tube). < 

10. Glass tubes, about 2 inches long, and one-eighth 

inch diameter, closed at one end (closed tube). 

11. A silver plate or silver coin. 

1 2. Solid reagents — borax, anhydrous carbonate of soda, 

potassium-dichromate, hydric-potassic sulphate, 
nitre (saltpetre), fluor spar* copper oxide, mag- 
nesium ribbon, tinfoil, caustic potash, potassium 
cyanide, pyrolusite, Brazil wood paper. 

13. Liquid reagents — hydrochloric acid, solution of 

cobalt nitrate, water. 

The first thing the student should do is to actjuire the 
knack of keeping up a continuous blast with the blowpipe. 
The principle of the method is to use the mouth as a 
reservoir of air having elastic sides. I'he supply of air to this 
reservoir is kept up by means of the lungs, while breathing is 
accomplished through the nose. Put the mouth-piece of the 
blowpipe in the mouth, close the nozzle with the finger, 
and then fill the mouth with air, distending the cheeks, so 
as to give the mouth as great a capacity as possible, and 
while keeping the cheeks distended, breathe through 
the nose. This presents no difficulty ; but now let a little 
air escape from the nozzle of the blowpipe, and try to keep 
up the breathing through the nose as before. A little 
practice, and you will soon be able to keep up a blast 
through the nozzle of the blowpipe for a minute or two 
without inconvenience. 

'Ammonium fluoride is a convcnicni blowpiije reagent. It i.s not 
necessary to mix hydric-potassic sulphate with this reagent when 
testing for boron. 
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The Use of the Blowpipe. 

♦ 

Oxidising or outer flame. Reducing or inner flame. 
Take a piece of platinum wire, and at the end of it make a 
small loop, the diameter of a mustard seed, or a little 
larger. Make the loop hot, and dip it into some borax. 
The borax will adhere to the wire,, and now heating the 
borax in the blowpipe flame you will obtain a clear glassy 
bead. When cool, moisten the bead with water, when you 
can take up on the bead any required powder. To study 
the two flames take up a minute quantity of manganese 
sulphate* (as much as will lie on the point of a needle will 
be sufficient). Heat the bead with the speck of powder in 



Fig. 75- 


the oxidising or outer flame. You will obtain this flame by 
inserting the nozzle well into the flame, using a fairly strong 
blast (see figure 75^). Keep the bead near the end of the 
flame. The speck of powder will be gradually dissolved, 
and the bead will become of an amethyst colour throughout. 

* A little manganese hulpbate is placed with the box of specimens. 
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Now treat this bead in the reducing or inner flame. To 
obtain this, hold the nozzle of the blowpipe so as just to touch 
the flame, or slightly outside it, and blow gently, when a long 
tongue of white flame is obtained (see figure 75<i). Hold the 
bead near the end, but well inside the flame, for a time, and 
then withdraw it. If you have been successful, the amethyst 
colour will have disappeared, and the bead will be colourless, 
or very much reduced in tone. Now place the bead in the 
outer flame, when the amethyst tint will return, and it may 
again be removed in the inner flame. Practice with a 
manganese bead in this manner until you have thoroughly 
mastered this important step in the use of the blowpipe. 

Flame Colouration, Take a piece of thin platinum wire, 
moisten one end of it with strong hydrochloric acid, and 
hold it in the flame of the Bunsen burner. Should there 
be a yellow or other colour imparted to the flame, repeat 
the heating, and when the wire ceases to give a colour to 
the flame, which will be when the wire is quite clean, dip it 
again into the hydrochloric acid, and take up on the 
moistened wire a little of the powder to be examined. 
Try, for example, a little powdered heavy spar (barium 
sulphate). A little scraped from the specimen in box for 
example. At first the flame will probably be yellow, but 
afterwards a characteristic green colour will be given to the 
flame, sometimes rendered more distinct by treating the 
wire again with strong hydrochloric acid. 

Instead of the Bunsen flame the outer blowpipe flame 
may be used. Flame colourations are obtained best with 
a high temperature flame and the metal in the form of 
chloride. 

Since a high temperature is wanted, very thin platinum 
wire, as recommended by Bunsen, may be used with 
advantage. This wire being comparatively cheap, an end 
which has been used may be cut off, and a clean wire for 
the next experiment insured. 
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Metallic Beads. Many minerals when properly treated 
by the blowpipe flame on charcoal yield characteristic 
metallic beads. Place in a small cavity on charcoal, or on 
a charcoal pastille, a small piece of galena (a piece the 
size of a mustard seed will be sufficient) ; heat this in the 
blowpipe flame, when it will melt into a globule. This, 
however, is not a bead of lead, for if the globule is put on 
the anvil and struck with a hammer, you will find it to be 
quite brittle. Repeat the experiment, but put a little 
carbonate of soda with the galena, when after a time you 
will obtain a metallic bead, easily flattened under the 
hammer, and so soft that it will mark paper. It is, in fact, 
a bead of metallic lead. 

In this particular case a bead of metal may be obtained 
before the carbonate of soda is added. As a rule, however, 
metallic beads are more readily obtained on the addition 
of carbonate of soda. 

Incrustations. Many metals when heated on charcoal 
form an incrustation around the assay, that is, form a 
sublimate of the oxide of the metal. In the above 
experiment with galena a yellowish incrustation of litharge 
will most likely be met with. 

Open and closed tubes. Place a fragment of gypsum in 
a closed tube, heat the tube gently over the lamp, when 
drops of water will be seen to collect on the sides of the tube. 

Place a fragment of iron pyrites in a tube open at both 
ends (open tube) ; now incline the tube, and heat it where 
the fragment is placed. On smelling at the upper end of 
the tube the characteristic odour of burning sulphur will 
be perceived. 

The student should try all of the following reactions, 
and become so familiar with them that if asked the blow- 
pipe reactions for any of the elements he should be able to 
give them from a recollection of his expferiments. Mere 
learning the reactions by rote from the written statements 
is worse than useless. 
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After familiarising himself with blowpipe work by 
making the foregoing experiments, the student may proceed 
to examine known minerals for the principal non-metallic 
and metallic radicals they contain. 

In examining substances by the blowpipe there are four 
tests which may be called general, and which, in the case 
of an unknown mineral, should always be used. These 
are: — 


Closed and open tube. 

Charcoal. 

Borax bead. 

Flame colouration. 


To the student unaccustomed to blowpipe work it is 
important to point out that, generally speaking, much better 
tests are ol)tained by using a minute quantity of the 
mineral to be tested rather than a larger quantity. 

Below are arranged in alphabetical order the principal 
blowpipe tests for the common non-metallic and metallic 
radicals occurring in minerals. After the tests the names 
of minerals which may be used in making the tests are 
given. 

Where a general test is omitted, it may be assumed that 
no reaction of consequence would be obtained if the test 
were applied. 

A. — Non-Metallic Elements. 

Arsenic. (<?) As native or as arsenide. \n closed tube ^ 
black or grey metallic sublimate. In open tube^ white 
fumes ; characteristic crystals on cold part of tube. 
Heated on charcoal^ white fumes ; characteristic smell of 
garlic. Flame colouration : Livid blue. 

Examples : Native arsenic, arsenical pyrites. 

(b) As sulpharsenide. In closed tube, red sublimate 
first, afterwards as a. Remaining tests as a. 

Example : Mispickel, cobaltine. 
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Boron. Borates. Mixed with ammonium fluoride or 
with excess of fluor spar and hydric-potassic sulphate, placed 
on a platinum wire, and held just underneath flame, the 
volatile boron fluoride comes off tinging flame characteristic 
green. Borax yields water in closed tube, and intumesces 
when heated on platinum wire, sinking afterwards to a 
clear glassy bead, even when cold. The bead dipped in 
glycerine and fired, the glycerine burns with a rich green 
flame. 

Examples : Boracite, borax. (Borax gives reactions 
better than boracite.) 

Carbon. Carbonates. As diamond no characteristic 
blowpipe test. Mixed with nitre in closed tube graphite 
deflagrates, and residue effervesces on addition of acid. 
Carbonates with borax bead give off bubbles of carbon 
dioxide. They effervesce with hydrochloric acid. 

Examples : Diamond, graphite, calcite, magnesite, 
malachite. 

Chlorine. Chlorides. Mixed with hydric-potassic 
sulphate and copper oxide in outer flame ; characteristic 
blue flame. Mixed with hydric-potassic sulphate and 
manganese peroxide ; characteristic smell of chlorine. 

Examples : Rock salt, atacamite, cryolite. 

Fluorine. Fluorides. Heated in closed tube, fluor 
spar often phosphorescent. Heated in closed tube with 
hydric-potassic sulphate fluorides give off hydrofluoric 
acid, which etches the tube. Glass rod moistened with 
water, and introduced into the tube, rod is covered with 
white crust of Silica. Brazil wood paper is turned yellow 
by hydrofluoric acid. 

Examples : Fluor spar, cryolite. Some varieties of 
apatite contain fluorine. 

Phosphorus. Phosphates. Heated in closed tube 
with magnesium ribbon, magnesium phosphide formed. 
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On moistening contents of tube with water, phosphine 
evolved giving a characteristic garlic-like odour. 

Examples : Apatite, pyromorphite. 

Silica, (a) As rock crystal, sand, &:c. Powdered and 
mixed with sodium carbonate, and heated on platinum 
wire, effervescence, and even when cold a clear glassy bead 
obtained, often coloured from metals in the impure silica. 

Examples : Rock crystal, sand. 

(^) As silicates. Heated w'ith microiOsniiL sait^ skeleton 
of silica floats in bead, the metals being taken up by the 
salt. 

Example : Orthocla.se. 

Sulphur, {a) Native. Heated in c/osed tubf melts to 
yellow liquid, afterw'ards goes dark, ultimately boils, and 
vapour may be lighted at mouth of tube, giving blue flame 
and characteristic choking smell of burning brimstone. 

Example : Native sulphur. 

{b) As sulphide. Heated in closed tube, yellow drops of 
sulphur form (with iron pyrites). Healed in closed tube 
with fragment of caustic potash, yellow mass obtained, 
which, when moistened on a silver coin, gives a dark stain. 
This test distinguishes a sulphide from a sulphate, since a 
sulphate when thus heated gives negative results. 

Open tube, smell of burning brimstone. A piece of paper 
which has been dipped in potassium dichromate solution 
is turned green by fumes which come off. 

Examples : Iron pyrites, copper pyrites, blende, galena 

(c) As sulphate. In closed and open tube no result. On 
charcoal, with carbonate of soda, a mass obtained, which, 
when moistened with water on a silver coin, produces a 
dark stain. Closed tube, with caustic potash, no result. 

In testing for sulphur it is perhaps well to use a tallow 
or oil flame, as the sulphur in coal gas may give a false 
result 

Examples : Barytes, gypsum. 
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Water. In closed tube : Drops of water formed on cool 
part of tube if mineral contains combined water. 

Examples ; Gypsum, stilbite, limonite. 

B— Metals. 

Aluminium. On charcoal^ incandescent mass, which 
when moistened with cobalt nitrate, and again strongly 
heated, gives blue mass. 

Examples *. Websterite, alum. 

Antimony. On charcoal^ with sodium carbonate in 
outer flame, white smoke, and white deposit on charcoal. 
Reducing flame ^ small brittle metallic beads of antimony, 
which in outer flame give white fumes. Flame colouration^ 
greenish blue. 

Examples : Native antimony, stibnite. 

Bnrium. Flame colouration^ yellowish green. 

Examples : Barytes, witherite. 

Bismuth. On charcoal^ with inner flame, pinkish white, 
slightly brittle metallic bead. In outer flame smokes a little, 
and gives brown incrustation. A mixture of potassium 
iodide and sulphur, mixed with bismuth or a bismuth 
compound, and then heated on charcoal, a rich red 
sublimate obtained. 

Example : Metallic bismuth. 

Calcium. Lime. Flame colouration, red. 

Examples : Calcite, gypsum. 

Cobalt. With borax, blue bead in both flames 
Minerals containing cobalt have to be roasted, and after- 
wards the residue is heated with borax. 

Example : Cobaltine. 

Copper. On charcoal, with sodium carbonate, red 
metallic bead. With borax (outer flame) : Green when 
hot, l>lue when cold. The blue bead becomes red in 
inner flame. The red colour is more easily obtained if a 
fragment of tin is added to the bead before reduction. 
Flame colouration, green. 
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Examples : Atacamite, cuprite, malachite (copper 
pyrites, flame colouration only). 

Iron. On charcoal (inner flame), black markedly 
magnetic mass. Borax (outer flame), brownish yellow 
glass, which in inner flame is with difficulty changed to a 
delicate green. Tin may be added to assist reduction. 

Examples : Hoematite, limonite (Iron pyrites should 
be roasted before making the tests.) 

Lead. On charcoal, with sodium carbonate, soft blue 
metallic bead, which will mark paper ; yellow incrustation. 
Assay mixed with potassium iodide and sulphur, a rich 
yellow sublimate obtained. Compare bismuth. Flame 
colouration, blue to violet. 

Examples : Galena, cerussite. 

Magfnosium. On charcoal, incandescent pinkish 
mass obtained if the assay is moistened with cobalt nitrate, 
and strongly heated. The pink colour only seen w'ell by 
daylight, or by light of burning magnesium ribbon. 

Example : Magnesite. 

Manganese. With borax bead, amethyst in outer, 
but colourless in inner flame. Iron and other metals may 
interfere with this test. If a bead of sodium carbonate, or 
of nitre, or of both, is first obtained on platinum wire, and 
the smallest quantity of a manganese mineral added, a 
green opaque bead is obtained on heating. 

Examples : Pyrolusite, wolfram. 

Mercury. In closed tube (as sulphide) black sublimate. 
With sodium carbonate, globules of mercury. In open 
tube, smell of burning brimstone, and grey deposit of 
metallic mercury. 

Example : Cinnabar. 

Molybdenum. See note a, page 155. 

Nickel. The common nickel minerals do not give easy 
blowpipe reactions. See note b, page 155. 

Example: Kupfemickel (nickeline). 
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Potassium. Flame colouration^ violet. When sodium 
is present this test fails. If a flame, coloured from sodium 
and potassium salts, is viewed through a solution of indigo, 
in a test tube or hollow glass prism, the yellow is cut off 
and a red colour is seen. Some blue glass will also cut off 
the sodium flame, but the student must practise well on 
known salts before he can make much use of the test. 

Examples : Sylvine, nitre. 

Silver. Brilliant white malleable metallic bead. 

Example ; Pyrargyrite. 

Sodium. Flame colouration^ intense yellow. 

Examples : Rock salt, glauberite, cryolite. 

Strontium. Flame colouration^ crimson. The student 
should compare the flame colouration of calcium with that 
of strontium. This may be done well by obtaining on one 
side of the Bunsen flame the one colour, and on the other 
side the other. 

Example : Celestine. 

Tin. On charcoal^ with sodium carbonate, while soft 
metallic bead (difficult). With cyanide of pf)tassium, 
metallic beads readily obtained. 

E.xample : Cassiterite. 

ZinC- On charcoal^ after roasting, white incrustation, 
which, when moistened with cobalt nitrate and heated, 
becomes green. 

Example : Blende. 

On the Determination of Minerals by the 
Blowpipe. 

Wlien the student is familiar with the tests just described, 
he may proceed to recognise the constituents of unknown 
minerals by means of the blowpipe. To help in this 
work tables are published often in connection with books 
on mineralogy, which proceed on the dichotomic principle 
adopted in botanical schemes for the recognition of plants. 
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The use of such tables by a beginner is, however, to my mind 
to be deprecated, because, as in the corresponding tables 
for chemical analysis, a routine method is slavishly followed, 
and the student is not exercised in observing well himself 
what takes place, but is continually trying to make the 
phenomena fit in with a book description, instead of 
relying upon knowledge w'ith which he should be familiar. 

A convenient mode of practice is to get a friend to 
powder up good-’ specimens of two or three dozen common 
minerals, and put them in pill boxes or tubes, preserving of 
course by means of numbers the possibility of identifying 
the specimens. These numbered specimens are then kept 
for exercise. 

Taking now one of the specimens, apply in succession 


the four general tests : — 


Closed and open tube. 

Charcoal. 

Borax bead. 

Flame. 


and some known reaction is almost sure to be obtained. 
Then calling to mind the characters of the elements as 
obtained by previous work (see page 145 et seq.\ there will 
be little difficulty in recognising the constituents of the 
mineral. 

The following list of common minerals, arranged under 
tlie elements contained in them, will be useful in connection 
with blowpipe work. 

The student should bear in mind that there is not the 
same definite composition about many minerals that there 
is in salts and the powders generally given for chemical 
analysis. Thus, ^though cinnabar is essentially composed 

• By good speciment I mean here tpeciincn» free from astoctated mineral*. 
Some samples of crushed minerals supplied for blowpipe analysis by dealers will 
often contain so much gangue, that the blowpipe characters of the mineral itself are 
very difiBcult to obtain. 
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of mercury and sulphur, yet some specimens will give 
reactions for arsenic and other elements. Again, the 
constituents of minerals, in the silicates for example, 
cannot in many cases be detected by the blowpipe alone. 
These points should be kept in view when using the 
following list of minerals (page 153). 

The student should always write down the particulars ot 
his examination in a systematic manner. The following 
example will suggest a convenient method of proceeding: — 

Example. The mineral under examination is of a 
brownish-white colour, and, under a magnifying glass, 
white prismatic crystals are visible. 

Closed and open tubes gave same result, viz., a yellowish 
mass, but no recognisable gas came off. 

Charcoal. A soft bead of metallic lead obtained. 

Borax bead. No colour; some indication of effervescence. 

Flame. Blue ; indicative of lead. 

On referring to the table, page 154, we find under lead the 
following minerals : — Galena, bournonite, cerussite, anglesite, 
pyromorphite, mimetite. Now galena and bournonite are 
excluded since in the open tube there was no indication of 
sulphur. On adding hydrochloric acid to the mineral 
effervescence takes place, indicating a carbonate. Hence 
the mineral is evidently cerussite. 

Note, — If the student should be in doubt as to the 
chemical composition of any mineral given in the table 
of pages 1 53-1 5 5, he may turn to table, pages 1 07-1 10, 
where he will find the chemical formula given. 



List of Common Minerals suitable for 

Blowpipe Analysis, classified according to the 
Elements or Substances 
indicated by Blowpipe Tests. 

ArSOnic* Elements^ native arsenic ; Arsenides^ nickeline 
(kupfernickel), smaltite ; Arseno-sulphides^ cobaltite, 
mispickel ; Sulpharsenites and Sulp/iantimonitcs^ tetra- 
hedrite (grey copper ore), bournonite," proustite.f 
pyrargyrite* ; Sulphides, orpiment, realgar. 

Aluminium- Fluorides, cryolite ; Oxides, corundum ; 
Silicates, aluminous silicates generally, some like adularia 
and the felspars, leucite, andalusite, allophane, apophyllite 
kaolin and the clays, give the alumina reaction, though 
not very readily; Sulphates, alunite (alumstone websterite) ; 
Phosphates, wavellite. 

Antimony. Elements, native antimony ; Sulphanti- 
monites (see arsenic) ; Sulphides, stibnite. 

Barium. Carbonates, witherite, barytocalcite ; Sulphates, 
barytes. 

Bismuth. Elements, native bismuth ; Sulphides, 
bismuthite. 

Boron. Borates, borax (tincal), boracite. 

Calcium. Fluorides, fluor spar; Carbonates, calcite, 
aragonite, dolomite, barytocalcite ; Sulphates, gypsum ; 
Phosphates, apatite. 

Carbon. Elements, graphite, diamond ; Carbonates, 
aragonite, calamine, calcite, chessylite, cerussite, chalybite 
(spathose). dolomite, magnesite, malachite, strontianite, 
witherite. 

Cobalt. Arsenides, smaltite ; Arsenosulphides, cobaltite. 


* StiJphaiitimonite. 


t Sulphar»«riitc. 
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Copper. Elements, native copper ; Sulphides, copper 
glance, copper pyrites, erubescite ; Sulphantimonites, 
tetrahedrite (grey copper ore), bournonite; Oxides, Oxychlor- 
ides, cuprite, atacamite ; Carbonates, malachite, chessylite ; 
Silicates, chrysocolla ; Sulphates, brochantite. 

Fluorine. Fluorides, fluor spar, cryolite : Silicates, 
topaz ; Phosphates, apatite. 

Iron. Arsenides, Lolingite FeAsjj ; Sulphides, iron 
pyrites, marcasite ; Arsenosulphides, mispickel, erubescite, 
copper pyrites ; Oxides, magnetite, franklinite, haematite, 
gothite, limonite, beauxite ; Carbonates, chalybite (spathic 
iron ore) ; Silicates, iron is present in many silicates, 
lievrite is a silicate of iron and lime ; Tungstates, wolfram ; 
Sulphates, melanterite ; Phosphates, vivianite. 

Lead. Sulphides, galena ; Sulphantimonite , bournonite ; 
Carbonates, cerussite ; Sulphate, anglesite ; Phosphates and 
Arsenates, pyromorphite, mimetite. 

Mag^nesium. Oxides, brucite, spinelle ; Carbonates, 
magnesite, dolomite, bitter spar ; Silicates, olivine, serpen- 
tine, hornblcndic minerals. 

Mangfanese. Oxides, pyrolusite, psilomelane ; Carbon- 
ates, chalybite ; Tungstates, wolfram. 

Mercury. Elements, native mercury ; Sulphides, 
cinnabar. 

Molybdenum. Sulphide, molybdenite. 

Nickel. Arsenide, nickeline (kupfernickel). 

Phosphorus. Phosphates, apatite, pyromorphite, 
mimetite, wavellite, vivianite, native silver ; Sulphides, 
silver glance ; Sulpharsenites, proustite ; Sulphantimonites, 
pyrargyrite. 

Potassium. Chlorides, sylvite ; Silicates, adularia, 
muscovite ; Sulphates, alumstone. 

Silica. Oxides, rock crystal ; Silicates, all. 
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Silver. Elements^ native silver ; Sulphides^ silver 
glance ; Su/pharse?tite, proustite ; Sulpkantimonitf^ py*'argy- 
rite. 

Sodium. Chlorides and Fluorides^ rock salt, cryolite ; 
Silicates^ albite, labradorite, leucite, natrolite, sodalite. 

Strontium. Carbonates^ strontianite ; Sulphates^ 
celestine. 

Sulphur. native sulphur ; Sulphides^hX^n^t^ 

galena, copper glance, cinnabar, iron pyrites, marcasite. 
molybdenite, stibnite, orpiment, realgar ; Arseno-suiphide„ 
cobaltite, mispickel, erubescite, copper pyrites ; Sulph 
arsenites, proustite ; Sulphantimonites ^ tetrahedrite, bourno- 
nite, pyrargyrite. 

Tin. Oxides^ cassiterite. 

TungfSten. Tungstates, wolfram. 

Water. Chlorides and Fluorides, carnallite ; Oxides, 
atacamite, brucite, gdthite, manganite, limonite, psilomclane; 
Silicates, prehnite, apophyllite, natrolite, analcime, chabazite, 
stilbite, serpentine ; Sulphates, gypsum, kieserite, alunite ; 
Borates, borax ; Phosphates, vivianite, wavellile. 

Zinc. Sulphides, blende ; Oxides, franklinite ; Car 
donates, calamine ; Silicates, smithsonite. 

NOTES AND ADDITIONS. 

a. Molylxlenum gives green colour to flame, much like barium. 
On charcoal white coaling becoming rich blue when touched for a 
moment with reducing flame. 

b. To detect nickel by the blowpipe fuse with borax or charcoal, 
remove flux, heat residue with more borax, again remove flux. Repeat 
several times. Iron and cobalt may be removed by this mcthf>d, and 
there is obtained at last a characteristic liead, violet when hot, and 
brown when cold. — (A. H. liREF.N.) 



ANSWERS TO THE EXERCISES. 


11. 

Model B, Plate I. — 





tfg about 60° 

Wj »/j = lll° 42') Exact 

measurement 



^ 66° 

w/j OTj = 68° 18') on 

crystal. 

12. 

1. 

Wj Wj 

2. W, Cj S.J Mj. 



3. 

w/a *3 S4 W3, 

4. -1 S, Z.J. 



6. 

*5 *7 "3* 

6. *3 Z* *8 Z*. 



7. 


18. D has 12 edges ; E has 14 ; F has 18. Note from this example 
that though the models D, E, and F arc each and all models of the 
form known as the octahedron, yet the numl>er of edges is different. 
The number and value of the angles is, however, the same in each. 

14. If a quoin or solid angle is contained by three planes, as in a 
cube, and having of course three edges, no movement of the planes 
can introduce an additional edge. When, however, there are four 
planes forming the solid angle, then a movement of two of the non- 
adjacent faces will introduce a new edge. This is shown in model E, 
where two new edges are introduced by a movement of the planes 
0Q O4 and ; and again in model F, where, by movement of the 

planes 0^ and O9, the maximum number of edges has l>cen 
introduced. 

16. ^1? ^10* ^1* ^io» * ^9* ^4> ^ jj are tauto- 

zonal with rj Other faces are heteroxonal with these two. 


21. (i.) Four, (ii.) Three. (Hi.) Two. (iv.) From the crystallo- 
graphic point of view the number of planes of symmetry in the 
rhomboid is the same as in the rhombus, for we may imagine the 
shorter lines of the rhomboid to move nearer together, or the longer 
ones to recede, without altering the angles of the figure, and produce 
a rhombus, (v. ) One. (vi. ) Infinite number. 

22. (i.), (ii.), (Hi.), all have nine planes of symmetry*. (See 

remarks to 21.) (iv.) Infinite miml>er. (v.) Nine, 

28. Five. Three. 
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81. a, rare both 111. i,//, ^-'=2 5 4. (f, >6 = 10 4. /,«=556. 
/. w=3 7 10. 

82. a=10 10 1. ^ = 1 1 0. f=2 2 1. </=4 3 8. «=4 3 3. 
/■=0 1 0 . 

83. For “ figure 11 ” in question read figure 12. 

34. /tf^/=3 4 6. /^// = 1 2 2. //•// = ! 2 1. /(/^=3 4 4. 

/ w = 0 0 1. 


35. (T impossible ; the others possible. 


86. 

a = ja b Ic 

i =.ooa b c 

>6= 3a 

b 

V 


11 

fz= 2a b 

/= 6a 

b 

c 


c= a b c 

Ja b % 

tn — ooa 

CO h 

( 


d= a oob ooc 

h=. Za b gr 

M=:OOa 

b 

ooc 

87. 

a 1 2 2 

4 12 3 

S 

1 1 

1 


b 2 2 1 

0 1 0 

h 

1 2 

1 


r 3 3 1 

/ 0 0 1 

k 

7 36 

6 

61. 

« = 12 3 4 

z;=4 1 4 

t^- = 4 

1 12 



n= 3 3 1 

11 

/ = ! 

1 3 


62. 

m. = l 1 0 

w., = l 0 1 





o 

II 

0^ = 1 1 1 




63. 

>l = 3 1 0 

o 

11 

n^\ 2 0 



66. 

For A 

(>6 a - / n) 

(/ M-h o) 

(4 wf) 


For B 

{q u-r t) 

(r s -p u) 

ip i-qs) 

67. 

Zone A 

0 19 38, or 

0 12 



Zone B 3 5 0 

Pole at intersection 10 6 3 


77. 1 1 1 = P 0 1 0 = ooPoo 

1 1 0 = ooP 1 0 0=ooPoo 

0 0 1=0P 0 1 l = Pc» 


1 0 1= Poo 

2 3 4=iPg 

=f PS 

3 3 2=JP 
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78. ooi‘=i 1 0 or’=o a 1 

OOpOO=:0 1 0 00 l>00:=l 0 0 

2P3-6 2 3 poo = 0 1 1 

Poo = l 01 3P2 = 632 

79. are clinopinakoul planes, m.,, w,, form the 
fundamental prism planes. 


91. The map of the full form you will find to consist of three dots 
in each octant, with circles around to represent the three poles in the 
octant below. The dots in the positive octant are on the zones a 

l> and c of figure 51 . Striking out the groups of poles in 
alternate octants, there will be three dots in the positive octant, and 
three dots in the third octant, while there will be three circles indicating 
poles in the fifth octant, and three circles indicating poles in seventh 
octant. (For position of octants see figure 4 , Plate I.) It will be 
noted that the hemihedral form thus obtained indicates a tetrahedron 
with three small faces on each large face. It is, in fact, what is known 
^*'*^^*^ tetrahedron. It should of course be designated by 

92. k22 1. 

98. It is derived from the form 123 by leaving out alternate 
faces. It has parallel faces, and is represented as ir {1 2 51. 


96. All holohedral. All holo-sysiematic, has 24 normals 
42 has 12, «S:c, The forms are all diplohedral. 



Notes on the Specimens accompanying: this Book. 


The crystals and apparatus are not labelled, but the 
student will have little difficulty in recognising the specimens, 
since they are placed in the box in the order indicated by 
the label on the lid. The piece of mica is laid on the top 
of the cotton wool covering, and is seen directly the box is 
opened. The rod for Senarmont’s experiment is at the 
bottom of the narrow partition. The fluor spar, for 
phosphorescence, is at the bottom of the larger glass tube. 
This tube may be used as described at page 82. The 
paraffin wax, for Senarmont’s experiment, is wrapped in 
tinfoil, and inserted in a small tube. At the bottom of the 
small tube is the manganese sulphate, spoken of at page 
142. 

It is obvious that the sets cannot be uniform. I 
have tried, however, by selection from superior and average 
specimens, to make each box of about equal value. Some 
of the crystals have been obtained with difficulty, and 
should there be much demand for the sets, it is possible 
a substitution may have to be made in one or two cases. 

I should wish to express my obligations to Messrs. Henry 
Wiggin & Co., and their Chemist, Mr. (i. H. Boeddicker, 
for some of the artificial crystals, which will be found 
particularly valuable to the student. 

Copper sulphate . — The faces of the best specimens can 
be recognised by a comparison with the model H of Plate 
III., by applying the cardboard goniometer, or comparing 
with the model the angles made by the edges of the crystals 

It is seldom that the cleavage can be seen. I have only 
noticed it on one specimen. When cleavage can Ije found 
it is valuable in determining the face. Thus with copper 
sulphate, the face m of the model is the one that is parallel 
to an imperfect cleavage plane. 



i6o Notes on the Specimens. 

Baryies . — The specimens are of two or three kinds, as 
already mentioned (page 14). In some the pearly character 
of the 001 face is very noticeable, and the cleavage lines 
parallel to the {110} faces are well seen. The long 
prisms with dull faces, corresponding to model 8 of Plate 
IV., show lines indicating cleavage parallel to the 1 o o 
face as well as to the i i o faces. Some of the crystals 
have the plane ^-=001 much developed, and would be 
called “ tabular.” 

The student will find the barytes crystal of great value 
as illustrating the use of cleavage in recognizing planes. 
However irregular the crystal may be, the cleavage planes 
parallel to the i i o planes are sure to be indicated ; and 
this indication, even without the characteristic pearly plane, 
is sufficient to put the crystal “ in position.” 

Calcik . — Some have the appearance of figure 56 ; others 
are in long prisms, terminated by many planes ; the 
extreme end of the prism showing a six-sided pyramid. 
The terminal planes when like those of figure 56 are 
commonly striated, the direction of the striations being 
parallel to the intersections of these planes with the rhombo- 
hedron. These striated faces are apparently the o i i 
planes of Miller. Cleavage lines indicating the fundamental 
rhombohedron are to be met with in all the specimens I 
have looked at. The cleaved specimen in some cases is 
sufficiently transparent to show double refraction. To 
observe this a pinhole is made in a card, and the cleaved 
specimen placed against this and held up to the light, when 
two pinholes will be seen. The other specimens are 
sufficiently referred to in the body of the work. 

Note. — The specimens and apparatus are to be obtained 
only from Messrs. White & Pike Limited, Moor Street 
Printing Works, Birmingham, by filling up the accompany- 
ing form, and enclosing postal order for 3s. 6d. 



To 

Messrs. WHITE & PIKE LIMITED. 
Moor Street Print ]\\wks. 

BIRMINGHAM. 

Please send fne the s/>erin/ens and 
apparatus to accompany “ Crystalloy;raphy 
for Beginner'S f by C. J. ]\\)od%vard. for 
ivhich I enclose 
7>alue js. 6d. 

Name 

Address 


Date 
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